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(54) MAGNETIC MEMORY DEVICE ^ 

(57)Abstract: ^4aa 
PROBLEM TO BE SOLVED: To enable enlarging output X 
voltage of a cell at the read-out time, to enable 
improving a signal to noise ratio without increasing 
power consumption at the read-out time and to realize 
low power consumption and high speed read-out. 
SOLUTION: This device is a magnetic memory device 
provided with plural TMR elements obtained by 
laminating fixed layers in which a magnetizing direction is 
fixed and recording layers in which a magnetizing 
direction is varied by an external magnetic field and 
constituting tunnel junction of double or more, a memory . 
cell 201 being a recording unit of information is 33 "X 
constituted of two TMR elements 1 1, 21 of which the 
resistance values and the magnetic resistance variation 

rate are equal respectiovely, one ends of the TMR 3 lb- 
elements 11, 21 in the direction of lamination are \\\\ m 
connected to other data lines DL, /DL, the other ends I 
are connected to the same bit line through the same ^v^oi 
selection transistor 31. Recording of information is 

performed so that a magnetizing direction of the recording layers of the TMR elements 11, 21 is 
kept always in anti-parallel, and read-out of information is performed by detecting difference of 
current flowing in the data lines DL, /DL 
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♦NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The laminating of the fixing layer to which the magnetization direction was fixed, and the 
recording layer from which the magnetization direction changes with external magnetic fields is carried 
out. It is the magnetic memory apparatus equipped with two or more tunnel junction sections which 
constituted the tunnel junction more than a single or a duplex. The memory cell which is an 
informational record unit contains the 1st and 2nd tunnel junction sections. The end of the direction of a 
laminating of the 1st tunnel junction section and the end of the direction of a laminating of the 2nd 
tunnel junction section are connected to the different data line, respectively. The other end of the 
direction of a laminating of the 1st tunnel junction section and the other end of the direction of a 
laminating of the 2nd tunnel junction section are a magnetic memory apparatus characterized by 
connecting with a bit line through the same semiconductor device for eel selection. 
[Claim 2] The 1st write-in line is arranged at the direction end side of a laminating of the 1st tunnel 
junction section, and the 2nd write-in line is arranged at the direction end side of a laminating of the 2nd 
tunnel junction section. By the direction end [ of the 1st tunnel junction section ] of laminating, or other 
end side And the 3rd write-in line common to a direction end [ of the 2nd tunnel junction section ] of 
laminating or other end side is arranged. The direction of a current which flows the 1st write-in line, and 
the direction of a current which flows the 2nd write-in line are a magnetic memory apparatus according 
to claim 1 characterized by being constituted so that it may become hard flow mutually. 
[Claim 3] The 1st tunnel junction section and the 2nd tunnel junction section are a magnetic memory 
apparatus according to claim 2 which is arranged in the same flat surface, is arranged in parallel in the 
same flat surface by the 1st write-in line and the 2nd write-in line, and is characterized by being 
arranged so that it may be in flat surface where the 3rd write-in line, 1st, and 2nd write-in lines are 
another and may cross [ 1st and 2nd near the tunnel junction section ]. 

[Claim 4] The 1st tunnel junction section and the 2nd tunnel junction section are arranged in the vertical 
direction. It is arranged in parallel with the vertical direction in a different flat surface from the 1st 
write-in line and the 2nd write-in line. The 3rd write-in line, 1st, and 2nd write-in lines are magnetic 
memory apparatus according to claim 2 characterized by being arranged so that it may be in another flat 
surface and may cross [ 1st and 2nd near the tunnel junction section ]. 

[Claim 5] The magnetic memory apparatus according to claim 1 characterized by making the writing of 
a recording layer as both magnetization directions where the 1st and 2nd resistance and magnetic- 
reluctance rate of change of the tunnel junction section spread abbreviation etc. always serve as anti- 
parallel. 

[Claim 6] The magnetic memory apparatus according to claim 1 characterized by being made by 
comparing the size of the amount of currents which flows to the 1st and 2nd data line when read-out of 
information gives the potential difference between the 2nd data line connected to the 1st data line and 
the 2nd tunnel junction section which were connected to the 1st tunnel junction section, and said bit line. 

[Claim 7] The magnetic memory apparatus according to claim 1 characterized by being made by 
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comparing the size to the reference potential of the electrical potential difference which appears in said 
bit line when read-out of information gives the potential difference between the 1 st data line connected 
to the 1st tunnel junction section, and the 2nd data line connected to the 2nd tunnel junction section. 
[Claim 8] The laminating of the fixing layer to which the magnetization direction was fixed, and the 
recording layer from which the magnetization direction changes with external magnetic fields is carried 
out. It is the magnetic memory apparatus which consists of a magnetic memory cell array equipped with 
two or more tunnel junction sections which constituted the tunnel junction more than a single or a 
duplex. Said magnetic memory cell array consists of two or more subcel arrays. Each subcel array The 
1st and 2nd data line by which parallel arrangement was carried out, and two or more word lines which 
intersect these data lines, It consists of two or more bit lines which intersect said data line, and two or 
more magnetic memory cells. Said magnetic memory cell The end of the direction of a laminating of the 
1st tunnel junction section is connected to the 1st data line including the 1st and 2nd tunnel junction 
sections. The end of the direction of a laminating of the 2nd tunnel junction section is connected to the 
2nd data line. It is the magnetic memory apparatus characterized by connecting the other end of the 
direction of a laminating of the 1st tunnel junction section, and the other end of the direction of a 
laminating of the 2nd tunnel junction section to a bit line through the same semiconductor device for eel 
selection, and connecting the magnetic memory cell in the same subcel array to a different bit line. 
[Claim 9] The laminating of the fixing layer to which the magnetization direction was fixed, and the 
recording layer from which the magnetization direction changes with external magnetic fields is carried 
out. It is the magnetic memory apparatus which consists of a magnetic memory cell array equipped with 
two or more tunnel junction sections which constituted the tunnel junction more than a single or a 
duplex. Said magnetic memory cell array consists of two or more subcel arrays. Each subcel array The 
1st and 2nd data line by which parallel arrangement was carried out, and two or more word lines which 
intersect these data lines, It consists of a bit line it runs in parallel with said data line, and two or more 
magnetic memory cells. Said magnetic memory cell The end of the direction of a laminating of the 1 st 
tunnel junction section is connected to the 1st data line including the 1st and 2nd tunnel junction 
sections. The end of the direction of a laminating of the 2nd tunnel junction section is connected to the 
2nd data line. The other end of the direction of a laminating of the 1st tunnel junction section and the 
other end of the direction of a laminating of the 2nd tunnel junction section are a magnetic memory 
apparatus characterized by connecting with a bit line and connecting the magnetic memory cell in the 
same subcel array to the same bit line through the same semiconductor device for eel selection. 
[Claim 10] The laminating of the fixing layer to which the magnetization direction was fixed, and the 
recording layer from which the magnetization direction changes with external magnetic fields is carried 
out. It is the magnetic memory apparatus which consists of a magnetic memory cell array equipped with 
two or more tunnel junction sections which constituted the tunnel junction more than a single or a 
duplex. Said magnetic memory cell array consists of two or more subcel arrays. Each subcel array The 
1st and 2nd sub data line by which parallel arrangement was carried out, and two or more word lines 
which intersect these sub data lines, It consists of said sub data line, a sub bit line it runs to parallel, and 
two or more magnetic memory cells. Said magnetic memory cell The end of the direction of a 
laminating of the 1st tunnel junction section is connected to the 1st sub data line including the 1st and 
2nd tunnel junction sections. The end of the direction of a laminating of the 2nd tunnel junction section 
is connected to the 2nd sub data line. It comes to connect the other end of the direction of a laminating 
of the 1st tunnel junction section, and the other end of the direction of a laminating of the 2nd tunnel 
junction section with the same sub bit line through the same semiconductor device for eel selection. It is 
the magnetic memory apparatus characterized by connecting the 1 st and 2nd sub data line with the 1 st 
and 2nd data line through a data-line selection transistor, respectively, and connecting said sub bit line to 
a bit line through a bit line selection transistor, respectively. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetic memory apparatus using especially a 
ferromagnetic tunnel junction with respect to the information playback technique in which the 
ferromagnetic was used. 
[0002] 

[Description of the Prior Art] Magnetic random access memory (the following, MRAM, and brief 
sketch) is the generic name of the solid-state memory which can use the magnetization direction of a 
ferromagnetic as an informational record carrier, and can rewrite, hold and read recording information at 
any time. In MRAM, the magnetization direction of the ferromagnetic which constitutes a memory cell 
makes it correspond to the information on binary "1", and "0" to a certain reference direction whether 
they are parallel or anti-parallel, and records information. 

[0003] The writing of recording information is performed by writing in and reversing the magnetization 
direction of the ferromagnetic of each eel by the current field which has been arranged in the shape of a 
cross stripe and which passes a current on a line and is produced. The power consumption at the time of 
record maintenance is zero theoretically, and even if it turns off the power, it is nonvolatile memory to 
which record maintenance is performed. 

[0004] The electric resistance of a memory cell performs read-out of recording information using the 
phenomenon of changing with the angular relation of the magnetization direction of a ferromagnetic and 
sense current which constitute a eel, or the angular relation of the magnetization between two or more 
ferromagnetic layers, and the so-called magneto-resistive effect. Read-out actuation is in the condition 
which passed the sense current to the ferromagnetic which constitutes each eel, it writes in the 
magnetization direction of a ferromagnetic, is changed by the current field as well as the time, and is 
performed by detecting change of the electric resistance in that case as electrical-potential-difference 
change. By setting up the magnitude of the field in this case smaller than ferromagnetic coercive force, it 
is possible to realize destructive read. 

[0005] if this kind of MRAM compares with its function the semiconductor memory which used the 
conventional dielectric — (a) ~ perfect — are nonvolatile and 1015 times or more of the counts of 
rewriting be possible. 

(b) Destructive read is possible and it be possible to read, since refresh actuation is not needed, and to 
shorten a cycle. 

(c) Resistance [ as opposed to a radiation compared with the memory cell of a charge storage mold ] is 
strong. 

[0006] It has many advantages of**. It is expected that the degree of integration per unit area of 
MRAM, writing, and read-out time amount can become comparable as DRAM in general. Therefore, 
taking advantage of the big special feature of a non-volatile, application of the outboard recorder for 
pocket mold digital audio devices, a wireless IC card, and primary- storage MEMORIHE further for 
mobile PC is expected. 
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[0007] In MRAM which is storage capacity 1Mb extent with which examination of the present 
utilization is made, giant magneto-resistance (below Giant Magneto-Resistance:, the GMR 
effectiveness, and brief sketch) is used for read-out of eel recording information. As a MRAM eel using 
the component (a following and GMR component and brief sketch) which shows the GMR effectiveness 
Pseudo Spin-Valve Structure (for example, refer to IEEE Trans.Mag., 33, and 3289(1997).), The thing 
using three layer membranes which have association between antiferromagnetism layers (for example, 
refer to IEEE Trans.Comp, Pac.Manu.Tech.Pt.A, and 17,373(1994).), Moreover, the hard magnetic 
substance was used for the pinning layer. Spin-Valve What has structure (for example, refer to IEEE 
Trans.Mag., 33, and 3295(1997).) is known. 

[0008] The value of the GMR effectiveness of three layer membranes of uncombined mold NiFe/Cu/Co 
used as a current GMR component is about 6 - 8% in general. [ many ] For example, the above- 
mentioned In the MRAM eel using PseudoSpin- Valve structure, 5% or more of resistance rate of change 
is effectually realized by controlling the magnetization distribution at the time of recording information 
read-out. However, generally the sheet resistance of a GMR component is several lOohms / ** extent. 
Therefore, even when 5% of resistance rate of change is assumed to be the sheet resistance of lOOohms / 
**, the eel read-out signal over a 10mA sense current is only 5mV at most. At current and the MOS 
mold field-effect transistor put in practical use, it is the current Is between source drains. The value is 
proportional to the ratio (WL) of channel width W and channel length L, and is Is (W= 3.3 micrometers 
and L= 1 micrometer). A value is about 0.1mA. Therefore, the value of the sense current of 10mA used 
here is very excessive to the transistor created with the processing dimension of a submicron rule. 
[0009] In order to solve this point, in the MRAM eel using a GMR component, two or more GMR 
components are connected to a serial, and the approach of constituting the data line is used (for example, 
refer to IEEE Trans.Comp.Pac.Manu.Tech.pt.A and 17,373(1994).). However, when series connection 
of the memory cell is carried out, the power consumption effectiveness at the time of read-out has the 
fault which falls greatly. 

[0010] In order to solve these points, instead of the GMR effectiveness, the proposal which is going to 
apply the ferromagnetic tunnel effect (below Tunnel Magneto-Resistance:, the TMR effectiveness, and 
brief sketch) is made. The component (a following and TMR component and brief sketch) which shows 
the TMR effectiveness consists of three layer membranes which mainly consist of a 1 /insulating layer of 
ferromagnetic layers / a ferromagnetic layer 2, and a current tunnels an insulating layer and it flows. 
Tunnel ****** changes in proportion to the cosine of the angular relation of magnetization of both the 
ferromagnetism metal layer, and when both magnetization is anti-parallel, it takes the maximal value. 
[001 1] For example, in the tunnel junction of NiFe/Co/aluminum2 03 / Co/NiFe, the resistance rate of 
change which exceeds 25% in the low field below 500e is found out (for example, refer to IEEE 
Trans.Mag. and 33.3553(1997).). The cell resistance value of a TMR component is 102-106 at per [ a 
plane-of-composition product (micrometer2) ] typically. It is omega. Therefore, it is 2 1 micrometer 
temporarily. If resistance lOkohm and 25% of resistance rate of change are assumed in a eel, a 25mV eel 
read-out signal will be acquired with the sense current of lOmicroA. 

[0012] In the MRAM eel array using a TMR component, parallel connection of two or more TMR 
components is carried out on the data line, as the detail structure — (1) — what has arranged the 
semiconductor device for selection for each TMR component. 

(2) What has arranged the selection transistor for every data line. 

(3) What has arranged two or more TMR components in the shape of a matrix, and has arranged the 
selection transistor for every line data line and string data line (for example, J.Appl.Phys., 81.3758 
(1997) reference). It ******. The method of (1) has in it the property which was most excellent in the 
field of eel output voltage and the power consumption effectiveness at the time of read-out. However, it 
is necessary to pass a current in the MRAM eel array of the method of (1) to the semiconductor device 
which connected with the TMR component at the time of read-out. As a semiconductor device, the diode 
component using the diode component which short-circuited between the gate drains of a field-effect 
transistor besides an MOS mold field-effect transistor and pn junction, and the Schottky barrier is used. 
Therefore, when dispersion has arisen in the property of these semiconductor devices, the noise resulting 
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from it cannot be disregarded. 

[0013] For example, in the case of an MOS transistor, the voltage drop between source drains amounts 
to lOOmV or more in 0.25-micrometer Ruhr. That is, if 10% of dispersion exists in the property of a 
semiconductor device, thereby, a noise lOmV or more will appear. Moreover, if noises generated in a 
circumference circuit, such as a noise combined with the data line and a noise by property dispersion of 
a sense amplifier, are also taken into consideration in addition to this, noise level will be set also to 
>10mV and only an about several dB signal to noise will be obtained in the current eel output voltage of 
about 20-30mV. 

[0014] the output voltage V of the single memory cell chosen in the conventional MRAM eel array in 
order to raise a signal to noise ~ reference voltage VREF comparing — the difference — electrical 
potential difference Vsig Many approaches of carrying out a differential amplifier are used. It is the 
purpose that this removes offset of the eel output voltage V by property dispersion of the object for a 
sense line drive or the semiconductor device for eel selection to the purpose which removes the noise 
made in the data- line pair which a memory cell connects to the 1st, and the 2nd. Reference voltage 
VREF The dummy cell besides [ using the semiconductor device as a generating circuit ] a circuit is 
used. However, it connects with the semiconductor device for eel selection with respectively separate 
the selected memory cell and the selected generating circuit of reference voltage by this approach, and it 
is impossible to remove completely offset of the eel output voltage V by property dispersion of a 
semiconductor device. 

[0015] Furthermore with the conventional technique, it is reference voltage VREF. The case where it 
considers as the eel output voltage VF corresponding to eel information "1" and "0" and the intermediate 
voltage of VAF is common. For example, when the resistance of the TMR component used for Is and a 
eel in the sense current value is set to R in current sense and electrical-potential-difference detection and 
magnetic-reluctance rate of change is set to MR, VF and VAF are VF =R(l-MR/2) xls as follows. — (1) 
VAF=R(l+MR/2) xls - (2) 
It can write. 

[0016] the difference which will be inputted into a sense amplifier if reference voltage is made into the 

intermediate voltage of VF and VAF — an electrical potential difference is as follows. 

[0017] 

Vsig =RxMRxIs / 2 - (3) 

2 of a denominator is reference voltage VREF. It is because it is set as intermediate voltage. In 
electrical-potential-difference sense and current detection, it is RL about the load resistance for Vbias 
and current detection in bias voltage. When it carries out, it is VF =VbiasxRL/R (l-MR/2) similarly. 
(4) 

VAF=VbiasxRL/[R (l+MR/2)] - (5) 
Vsig =VbiasxRL/RxMR/2 - (6) 

It becomes. However, it took that it was MR2 «1 into consideration in the derivation process of (6) 
types. 

[0018] Therefore, with the conventional technique, only the one half of the magnetic-reluctance rate of 
change of a TMR component can be used. 

[0019] The approach the ferromagnetic layer 1 and the ferromagnetic layer 2 use a current field together 
using ferromagnetism or the TMR component which carried out antiferromagnetism association at the 
time of read-out of information in order to solve these points is also considered (for example, refer to 
U.S. Pat. No. 5,734,605 number). However, by this approach, the power consumption at the time of 
read-out becomes large, and is not suitable for application to a pocket mold device. 
[0020] Moreover, the approach which has arranged the transistor for selection for two TMR 
components, respectively, and constituted the memory cell is also indicated (for example, ISSCC 2000 
Digest paper TA7.2 reference). It writes in by this approach, always considering the magnetization 
direction of the recording layer of two TMR components as anti-parallel. That is, the complementary 
writing in which the magnetization array of one of components is anti-parallel, and another side is 
always parallel is used. By this approach, by carrying out the differential amplifier of the output from 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 11/25/2005 



JP,2001-236781,A [DETAILED DESCRIPTION] 



Page 4 of 18 



two components, common mode noise is removed and S/N is raised. However, since two transistors for 
selection are used for one eel, eel area increases and it has the problem that a degree of integration falls. 
[0021] 

[Problem(s) to be Solved by the Invention] As mentioned above, by applying a TMR component to a 
memory cell, reduction of the sense current at the time of read-out and increase of a eel output signal can 
be realized to coincidence, and it is possible to offer MRAM of high density more compared with 
MRAM using the GMR effectiveness of being used conventionally. However, if the magnitude of the 
noise from the noise which eel output voltage is about several lOmV, and originates in property 
dispersion of the object for a sense line drive or the semiconductor device for eel selection and the data 
line, and a circumference circuit is considered even when a TMR component is used for a memory cell, 
signal to noise sufficient in the present condition is not obtained. Although the approach of using a 
current field together is also devised in order to improve a signal to noise, it has the fault that the power 
consumption at the time of read-out increases. 

[0022] A signal to noise can be improved without having accomplished this invention in consideration 
of the above-mentioned situation, and the place made into the purpose being able to enlarge eel output 
voltage at the time of read-out, and causing increase of the power consumption at the time of read-out, 
and it is in offering the magnetic memory apparatus which combines a low power and high-speed read- 
out nature. 
[0023] 

[Means for Solving the Problem] (Configuration) In order to solve the above-mentioned technical 
problem, this invention has adopted the following configurations. 

[0024] Namely, this invention carries out the laminating of the fixing layer to which the magnetization 
direction was fixed, and the recording layer from which the magnetization direction changes with 
external magnetic fields. It is the magnetic memory apparatus equipped with two or more tunnel 
junction sections which constituted the tunnel junction more than a single or a duplex. The memory cell 
which is an informational record unit contains the 1st and 2nd tunnel junction sections. The end of the 
direction of a laminating of the 1st tunnel junction section and the end of the direction of a laminating of 
the 2nd tunnel junction section are connected to the different data line, respectively. It is characterized 
by connecting the other end of the direction of a laminating of the 1st tunnel junction section, and the 
other end of the direction of a laminating of the 2nd tunnel junction section to a bit line through the 
same semiconductor device for eel selection. 

[0025] Moreover, this invention carries out the laminating of the fixing layer to which the magnetization 
direction was fixed, and the recording layer from which the magnetization direction changes with 
external magnetic fields. It is the magnetic memory apparatus which consists of a magnetic memory cell 
array equipped with two or more tunnel junction sections which constituted the tunnel junction more 
than a single or a duplex. Said magnetic memory cell array consists of two or more subcel arrays. Each 
subcel array The 1st and 2nd data line by which parallel arrangement was carried out, and two or more 
word lines which intersect these data lines, It consists of two or more bit lines which intersect said data 
line, and two or more magnetic memory cells. Said magnetic memory cell The end of the direction of a 
laminating of the 1st tunnel junction section is connected to the 1st data line including the 1st and 2nd 
tunnel junction sections. The end of the direction of a laminating of the 2nd tunnel junction section is 
connected to the 2nd data line. The other end of the direction of a laminating of the 1 st tunnel junction 
section and the other end of the direction of a laminating of the 2nd tunnel junction section are 
connected to a bit line through the same semiconductor device for eel selection, and the magnetic 
memory cell in the same subcel array is characterized by connecting with a different bit line. 
[0026] Moreover, this invention carries out the laminating of the fixing layer to which the magnetization 
direction was fixed, and the recording layer from which the magnetization direction changes with 
external magnetic fields. It is the magnetic memory apparatus which consists of a magnetic memory cell 
array equipped with two or more tunnel junction sections which constituted the tunnel junction more 
than a single or a duplex. Said magnetic memory cell array consists of two or more subcel arrays. Each 
subcel array The 1st and 2nd data line by which parallel arrangement was carried out, and two or more 
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word lines which intersect these data lines, It consists of a bit line it runs in parallel with said data line, 
and two or more magnetic memory cells. Said magnetic memory cell The end of the direction of a 
laminating of the 1st tunnel junction section is connected to the 1st data line including the 1st and 2nd 
tunnel junction sections. The end of the direction of a laminating of the 2nd tunnel junction section is 
connected to the 2nd data line. The other end of the direction of a laminating of the 1st tunnel junction 
section and the other end of the direction of a laminating of the 2nd tunnel junction section are 
characterized by connecting with a bit line and connecting the magnetic memory cell in the same subcel 
array to the same bit line through the same semiconductor device for eel selection. 
[0027] Moreover, this invention carries out the laminating of the fixing layer to which the magnetization 
direction was fixed, and the recording layer from which the magnetization direction changes with 
external magnetic fields. It is the magnetic memory apparatus which consists of a magnetic memory cell 
array equipped with two or more tunnel junction sections which constituted the tunnel junction more 
than a single or a duplex. Said magnetic memory cell array consists of two or more subcel arrays. Each 
subcel array The 1st and 2nd sub data line by which parallel arrangement was carried out, and two or 
more word lines which intersect these sub data lines, It consists of said sub data line, a sub bit line it 
runs to parallel, and two or more magnetic memory cells. Said magnetic memory cell The end of the 
direction of a laminating of the 1st tunnel junction section is connected to the 1st sub data line including 
the 1st and 2nd tunnel junction sections. The end of the direction of a laminating of the 2nd tunnel 
junction section is connected to the 2nd sub data line. It comes to connect the other end of the direction 
of a laminating of the 1st tunnel junction section, and the other end of the direction of a laminating of 
the 2nd tunnel junction section with the same sub bit line through the same semiconductor device for eel 
selection. It is characterized by connecting the 1st and 2nd sub data line with the 1st and 2nd data line 
through a data-line selection transistor, respectively, and connecting said sub bit line to a bit line through 
a bit line selection transistor, respectively. 

[0028] Here, the following are mentioned as a desirable operation gestalt of this invention. 
[0029] (1) the 1st and 2nd resistance and magnetic-reluctance rate of change of the tunnel junction 
section - abbreviation - equal - both magnetization directions - always — anti- ~ the writing of a 
recording layer is made so that it may become parallel (complementary writing). 

[0030] (2) The end of the 1st and 2nd TMR component should already be connected to the 1st different 
data line and 2nd different data line through the semiconductor device for eel selection with the same 
end at the bit line, respectively. 

[0031] (3) When read-out of information gives the potential difference between the 1st and 2nd data line 
and a bit line, be made by comparing the size of the amount of currents which flows to the 1st and 2nd 
data line. Moreover, the 1st and 2nd data line should be kept equipotential at this time. 
[0032] (4) When read-out of information gives the potential difference to the 1st and 2nd data line, be 
made by comparing the size to the reference potential of the electrical potential difference which appears 
in a bit line. 

[0033] The 1st write-in line is arranged at the direction end side of a laminating of the 1st TMR 
component, and the 2nd write-in line is arranged at the direction end side of a laminating of the 2nd 
TMR component. (5) By the direction end [ of the 1st TMR component ] of laminating, or other end side 
And the 3rd write-in line common to a direction end [ of the 2nd TMR component ] of laminating or 
other end side should be arranged, and the direction of a current which flows the 1st write-in line, and 
the direction of a current which flows the 2nd write-in line should be constituted to become hard flow 
mutually. 

[0034] (6) The 1st TMR component and the 2nd TMR component should be arranged in the same flat 
surface, and the 1st write-in line and the 2nd write-in line are arranged in parallel in the same flat 
surface, and they are in flat surface where the 3rd write-in line, 1st, and 2nd write-in lines are another, 
and be arranged to cross [ 1st and 2nd near the TMR component ]. The 1st and 2nd write-in line is the 
outside of a memory cell array field, and the end should be connected respectively. 
[0035] (7) The 1st TMR component and the 2nd TMR component are arranged in the vertical direction. 
The 1st write-in line and the 2nd write-in line are arranged in parallel with the vertical direction. It is 
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arranged in parallel with the vertical direction in a different flat surface from the 3rd write-in line, 1st, 
and 2nd write-in lines, is in flat surface where the 3rd write-in line, 1st, and 2nd write-in lines are 
another, and be arranged to cross [ 1st and 2nd near the TMR component ]. The 1st and 2nd write-in line 
is the outside of a memory cell array field, and the end should be connected respectively; 
[0036] (8) The semiconductor device for eel selection should be a junction-diode component using the 
diode component which short-circuited between the gate drains of an MOS mold field-effect transistor 
and a field-effect transistor or pn junction, and the Schottky barrier. 

[0037] (9) The number of the memory cell contained in one subcel array should be 1000 or less. 
[0038] (Operation) In the magnetic memory apparatus of the above-mentioned configuration, when the 
potential difference is given between the 1st and 2nd data line and a bit line, the 1st to a memory cell of 
an approach to read storage information compares the size of the amount of currents which flows to the 
1 st and 2nd data line, while making a low impedance condition activate the semiconductor device for eel 
selection at the time of read-out. The 1st and 2nd data line is controlled to become equipotential. 
Thereby, to the 1st data line and 2nd data line, the sense current decided by the potential difference and 
the resistance of each TMR component flows. The resistance of a TMR component differs by whether 
the angular relation [ layer / the fixing layer of a TMR component and / storage ] of magnetization is 
parallel and anti-parallel. 

[0039] In the magnetic memory apparatus of this invention, the resistance of two TMR components 
which constitute a eel, and magnetic-reluctance rate of change are equal, and the magnetization 
directions of each storage layer are anti-parallel mutually. Therefore, the value II of the sense current 
which will flow to the 1st and 2nd data line if the resistance of R (l-MR/2) and the 2nd TMR 
component is set [ the potential difference ] to R (l+MR/2) for the resistance of Vbias and the 1st TMR 
component and 12 II =Vbias/R (l-MR/2) (7) 
12 =Vbias/R (l+MR/2) - (8) 
It becomes. 

[0040] namely, the difference of a sense current - Isig It becomes Isig =V/RxMR and a big differential 
signal can be acquired compared with the conventional technique. Since it is a current drive mold 
component, if dispersion arises in the resistance at the time of the flow of the semiconductor device for 
eel selection which connected with the TMR component at the serial, dispersion will produce a memory 
cell in an output signal as a result. Since this invention shares the semiconductor device for eel selection 
with same 1 st TMR component and 2nd TMR component, it is possible to remove completely 
dispersion resulting from property dispersion of a semiconductor device. This is the big advantage 
which is not in the conventional technique. 

[0041] Moreover, at the time of read-out, while the 2nd of the read-out approach makes a low 
impedance condition activate the semiconductor device for eel selection, when the potential difference is 
given between the 1st and 2nd data line, it compares the size to the reference potential of the electrical 
potential difference which appears in a bit line. When the resistance of R (l-MR/2) and the 2nd TMR 
component is set [ the potential difference between the 1st and 2nd data line ] to R (l+MR/2) for the 
resistance of V and the 1st TMR component, the potential difference between the 2nd data line and a bit 
line is V=Vbias/2x (l+MR/2). - (9) 
It becomes. 

[0042] Therefore, reference voltage VREF VREF =Vbias/2 - (10) 

if it is alike and sets up — difference — an electrical potential difference ~ Vsig =Vbias/2xMR/2 — (1 1) 
It becomes. 

[0043] since reference voltage is used by this reading method — the method of reading the 1st — 
comparing — difference — although the variation of an electrical potential difference decreases — (1) It is 
not dependent on the current value which flows for a TMR component at all. Namely, (2) which the 
effect on an output does not produce also when the number of memory cells in a memory cell array 
changes and the impedance between DL and /DL changes Since a current hardly flows to (3) bit lines 
which can mitigate the bias voltage dependency of MR since bias voltage is divide with two TMR 
components, it has the big advantage that property dispersion of the semiconductor device for selection 
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is removable. 

[0044] On the other hand, in the magnetic memory apparatus of this invention, the writing of storage 
information to a memory cell is performed on the write-in line of the 1st and 2, and the 3rd write-in line 
by passing a current. Under the present circumstances, if it sets up so that it may exceed the reversal 
field whose value of a current field is a TMR component only in the decussation field of the write-in line 
of the 1st and 2, and the 3rd write-in line, the eel selection at the time of writing is realizable. 
[0045] In the magnetic memory apparatus of this invention, the direction of a current which flows the 
1 st write-in line arranged at the 1 st TMR component, and the direction of a current which flows the 2nd 
write-in line arranged at the 2nd TMR component are hard flow mutually. That is, in the magnetic 
memory apparatus of this invention, the magnetization direction of the storage layer of the 1st [ which a 
memory cell constitutes in write-in actuation ], and 2nd TMR components always serves as anti -parallel. 
Distinction of information "1" and "0" is performed on the basis of the 1st TMR component by whether 
the angular relation [ layer / the fixing layer of a component and / storage ] of magnetization is parallel 
and anti-parallel. 
[0046] 

[Embodiment of the Invention] Hereafter, the operation gestalt of illustration of the detail of this 
invention explains. 

[0047] (1st operation gestalt) Drawing 1 is drawing having shown the electric equal circuit of the 
magnetic memory cell array concerning the 1 st operation gestalt of this invention. 
[0048] The field surrounded by the drawing destructive line corresponds to a memory cell 201, and this 
memory cell 201 consists of two TMR components and selection transistors. That is, the 1st step of 
memory cell consists of TMR components 1 1 and 21 and a selection transistor 31, the 2nd step of 
memory cell consists of TMR components 12 and 22 and a selection transistor 32, the 3rd step of 
memory cell consists of TMR components 13 and 23 and a selection transistor 33, and the 4th step of 
memory cell consists of TMR components 14 and 24 and a selection transistor 34. Although four 
memory cells are arranged to the direction of the data line mentioned later by a diagram, this number of 
arrays of the ability to change suitably is natural. 

[0049] In the 1st step of memory cell 201, the end of two TMR components 1 1 is connected to data-line 
DL, and the end of the TMR component 21 is connected to the data line/DL. Each other end of the TMR 
components 1 1 and 21 is connected to the same bit line BL through the eel selection transistor 31 . In the 
memory cell after the 2nd step, similarly, the end of a TMR component is connected to the data lines 
DL/DL, respectively, and the other end is connected to the same bit line BL through the eel selection 
transistor (32-34). 

[0050] The word lines WL1-WL4 which became independent, respectively are arranged at the selection 
transistors 31-34. The drain field of a selection transistor and the bit line are shared with the memory 
cell array which adjoins like the after-mentioned. The data lines DL/DL are connected to the current 
detection mold differential amplifier 401 through the selection transistor with common word line DSL. 
The bias voltage clamping circuit 420 is connected to the bit line BL through the selection transistor 
which the word line BSL connected. 

[0051] Next, actuation of this circuit is explained taking the case of a memory cell 201. 
[0052] Now, the case where the magnetization array of the recording layer of the TMR component 1 1 
and a fixing layer is in an parallel condition, and the TMR component 21 is in an anti-parallel condition 
is considered (recording information "1"). In an initial state, the potential of WL1, BSL, and DSL is 0. 
Subsequently, it is made to flow through the selection transistor 31 by setting potential of DSL and BSL 
to VDD, respectively, where it gave zero potential to DL and Vbias is given to BL, using WL1 as VDD. 
The value II of the sense current which will flow to DL/DL if the resistance of R (l-MR/2) and the 
TMR component 21 is set to R (l+MR/2) for the resistance of the TMR component 11, and 12 II 
=Vbias/R (l-MR/2) - (12) 
12 =Vbias/R (l+MR/2) - (13) 
It becomes. 

[0053] II >I2 [ namely, ] it is — the difference is Isig =V/RxM. When the magnetization array of 
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recording information "0" 11, i.e., a TMR component, is in an anti-parallel condition and the TMR 
component 21 is in an parallel condition, it is II and 12. It is as follows. 

11 -Vbias/R (l+MR/2) - (14) 

12 =Vbias/R (l-MR/2) - (15) 

II [ namely, ]--<-- 12 it is — the difference is equal to the case of recording information "1." Therefore, 
the current detection mold differential amplifier 40111 and 12 Read-out of information becomes possible 
by comparing size. 

[0054] Drawing 2 is the current value II which flows to the data lines DL/DL in this operation gestalt, 
and 12. Change is shown as time amount change. Here, the resistance of 400mV and the TMR 
components 1 1 and 21 of bias voltage Vbias is 60kohm in 40kohm and the anti-parallel condition in an 
parallel condition by predetermined bias. The potential of WL1 was held at the period VDD for 5ns - 
10ns. It turns out that the sense current of a value which is different in DL/DL according to component 
resistance as mentioned above is flowing. It is the effect of data-line stray capacity which the time lag 
has produced a little. 

[0055] The wave at the time of reading continuously the recording information of two or more memory 
cells was shown in drawing 3 . In order to carry out the current drive of the data lines DL/DL of low 
impedance with this operation gestalt, as shown in drawing 2 , the delay by data-line stray capacity is 
very as small as 0.5 or less ns. Such high-speed read-out nature is the big advantage of this invention. 
[0056] With this operation gestalt, components other than a selection eel function as resistance which 
short-circuits the data lines DL/DL, and the resistance is 2R regardless of storage information. For 
example, considering the case where N+l eel has connected with the data lines DL/DL, the equal circuit 
becomes like drawing 4 . In this circuit, between data-line DL and /DL has connected too hastily by 
resistance of 2 R/N. In the condition that the sense current is flowing to the data lines DL/DL, the 
potential difference arises from a selection eel slightly in DL/DL by the wiring resistance RD of the data 
lines DL/DL, and it works in the direction which a current flows to the short circuit resistance RD by 
that cause, and negates the current difference of DL/DL as a result. 

[0057] Drawing 5 is as a result of the simulation which used the equal circuit of drawing 4 . Here, 
R=250kohm was assumed. The magnitude of the short circuit resistance Rdummy is less than 10% in 
N= 100 2.5kohm, i.e., connection eels, and reduction of a current difference is satisfactory practically. In 
N= 1000 connection eels, reduction of a current difference exceeds 50% and the advantage of this 
invention that an output signal increases twice by complementary read-out is lost. Therefore, with this 
operation gestalt, as for the number of memory cells per cell block, carrying out to 100 or less is 
desirable, and it needs to make it at most 1000 or less. 

[0058] Drawing 6 is drawing in which having written with the TMR component which constitutes the 
magnetic memory array of this operation gestalt, and having shown arrangement of a line typically. As 
for 10-14, and 20-24, in drawing 6 , a TMR component, and 51 and 52 are write-in lines. Here, in order 
to make an understanding easy, it writes in with a TMR component and structures other than a line are 
omitted. One field of a memory cell 201 whose part surrounded with the broken line in drawing is an 
informational record unit is shown. In addition, in drawing, although five memory cells are arranged 
along the array direction of the write-in line 51, this array number can be changed suitably. 
[0059] Two TMR components (the 1st TMR component 1 1 and 2nd TMR component 21) are contained, 
in each component field, it writes in a memory cell 201 with the write-in line 51, and the line 52 
intersects it perpendicularly. Each TMR components 1 1 and 21 constitute the multiplex tunnel junction 
more than a single or a duplex like the after-mentioned, and have the fixing layer to which the 
magnetization direction was fixed, and the storage layer from which the magnetization direction changes 
with external magnetic fields. Moreover, the magnitude of the resistance, magnetic-reluctance rate of 
change, and the reversal field of a recording layer is both components, and it is manufactured so that it 
may become equal. The write-in line 51 has the configuration turned up in the U character mold, and 
with the TMR component 1 1 and the TMR component 21, it is arranged so that the transit direction of a 
current may serve as reverse sense. 

[0060] The writing of the recording information to a memory cell 201 writes in with the write-in line 51, 
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and is performed using a line 52. If the potential of the end 51 1 of the write-in line 51 is now set up 
highly compared with the other end 512, it writes in the write-in line 51 like the arrow head of 
illustration, and a current flows. The direction of a write-in current is the space lower left to the space 
upper right and the TMR component 1 1 to the TMR component 21 . Although the current field of the 
direction shown by the arrow head of a drawing destructive line arises around a write-in line according 
to this write-in current, that sense is the space right to the space left and the TMR component 1 1 to the 
TMR component 21. Therefore, the writing of recording information from which the magnetization 
direction of the TMR component 1 1 and the TMR component 21 always serves as reverse sense is 
realizable with this current field. 

[0061] What is necessary is just to perform distinction of information "1" and "0" by whether the 
angular relation of magnetization of the recording layer of the TMR component 1 1 and magnetization of 
a fixing layer is parallel or anti-parallel. Moreover, rewriting of information "1" and "0" is easily 
performed by reversing the direction of the write-in current passed on the write-in line 51. In addition, in 
the write-in line 51, the direction connected with a terminal 51 1 is set to 1st write-in line 51a, and the 
direction connected with a terminal 512 is set to 2nd write-in line 51b. 

[0062] In order to perform eel selection at the time of writing, the write-in line 52 (3rd write-in line) 
other than the write-in line 5 1 is used together. That is, if it writes in like illustration and the write-in 
current of the direction of the space upper left is passed on a line 52, around the write-in line 52, the 
current field of the direction shown by the arrow head of a drawing destructive line will arise. The 
direction of the current field from the write-in line 52 is this direction with the TMR components 1 1 and 
21, and is peipendicular to the direction of a current field from the write-in line 51. Therefore, the value 
of the current field from the write-in line 51 is small compared with the reversal field of the TMR 
components 1 1 and 21, and if the value of the write-in current passed on each write-in line 51 and 52 is 
set up so that the value of the current field of the composition from the write-in lines 51 and 52 may 
become large compared with a reversal field, eel selection writing is realizable. 
[0063] In addition, in case eel writing is performed using the current field which intersects 
perpendicularly as mentioned above, it is desirable to write in the easy axis of the recording layer of a 
TMR component, and to make it parallel with the direction of a current field from a line 51. Moreover, 
the write-in lines 51 and 52 do not necessarily need to intersect perpendicularly [ near the TMR 
component ], and may be the include angles of arbitration. 

[0064] Drawing 7 shows the planar structure of the memory cell 201 corresponding to drawing 1 . The 
memory cell of this operation gestalt has two TMR components in one structure, and a TMR component 
is formed in the semiconductor circuit section in the multilayer structure of the memory cell produced on 
the Si substrate 70. 

[0065] In drawing 7 , the eel node by which the data line and 30 were formed in the word line of a eel 
selection transistor, and 44 was formed [ 71 / the drain field of a eel selection transistor and 72 ] in the 
lower layer of the TMR components 1 1 and 21 for the source field of a eel selection transistor, and 41 
and 42, and 45 are contacts to the eel node 44 and the drain field of a eel selection transistor. All over 
drawing, the source field 72 of a eel selection transistor is shared with the memory cell of the adjoining 
memory cell array currently omitted, and is connected to the bit line. When a component isolation region 
is taken into consideration, the dimension of one memory cell is 20 to 251ambda2. It becomes. Here, 
lambda is data-line spacing. 

[0066] Since two TMR components share one transistor with this operation gestalt, compared with the 
differential amplifier method two TMR components have a transistor respectively, it is possible to 
reduce eel area by half. 

[0067] Drawing 8 is the mimetic diagram showing the view A-Across-section (a) and view B-B 1 cross 
section (b) in the memory cell planar structure of drawing 7 . between the semiconductor circuit section 
and each metal layer which are formed on the Si substrate 70 — Si02 etc. — it is separated by the 
interlayer insulation film 60. The TMR components 1 1 and 21 consist of cascade screens which consist 
of a 102/fixing layer 103 of 101/insulating layers of recording layers. The TMR components 1 1 and 21 
are formed on the common eel node 44. It is formed in order that the eel node 44 may obtain electric 
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contact for a eel selection transistor and the TMR components 1 1 and 21, and as the ingredient, 
nonmagnetic conductivity film, such as W, aluminum, and Ta, is used. 

[0068] In addition, although this operation gestalt shows the structure which separated the write-in lines 
51 and 52 and the data lines 41 and 42, it is possible to share both, as shown in drawing 9 , to write in 
the data lines 41 and 42, and to also make the function of a line 5 1 give. In this case, the metal wiring 
layer corresponding to the write-in line 5 1 shown in drawing 8 becomes unnecessary. Moreover, 
although it is necessary for the data lines 41 and 42 to connect too hastily in that end at the time of 
write-in actuation in this case, this short circuit device can be easily constituted using the circuit 
technique of a conventionally well-known place. The magnitude of the write-in current on which they 
flow via a TMR component at the time of writing also when the data lines 41 and 42 connect two or 
more bond resistances of a TMR component since it is sufficiently large compared with wiring 
resistance of the data line although much each other are connected with the TMR component can be 
ignored. 

[0069] It is a desirable gestalt to prepare the barrier metal which consists of conductive metal nitrides for 
preventing metaled counter diffusion, such as TiN and TaN, in the lower part of the eel node 44 and the 
contact part of a TMR component. Moreover, in order to control the crystallinity of the fixing layer 103, 
and crystal orientation, seed layers, such as Au, Pt, Ta, Ti, and Cr, may be prepared. 
[0070] The fixing layer 103 consists of a thin film of Fe, Co, nickel, or those alloys. The magnetization 
direction of a fixing layer appoints criteria bearing at the time of information writing and read-out. 
Therefore, it is called for that the reversal field is fully large compared with the reversal field of the 
below-mentioned recording layer. For this purpose, it is desirable to use the crosswise lamination film of 
the cascade screen of the metal anti ferromagnetic substance, such as Mn alloy, Fe(s), Co(es) and nickel, 
or those alloys, Fe(s), Co(es) and nickel which carried out antiferromagnetism association between 
layers or those alloys, and non-magnetic metal, such as Cu and Ru, for example. 

[0071] An insulating layer 102 consists of an aluminum oxide film, on the fixing layer 103, carries out 
the direct spatter of the alumina, and is formed. After forming aluminum film 2nm or less, it oxidizes by 
the oxygen plasma and, specifically, this aluminum film is formed. The ingredient used for an insulating 
layer 102 is asked for having a good insulating property by very thin thickness 2nm or less. As the 
ingredient, the A1N film formed the plasma oxidation film of others [ film / above-mentioned / alumina 
spatter ], for example, aluminum, the natural oxidation film, or directly is available. Moreover, the 
structure where the metal particle was distributed in the insulator, and the structure which put the several 
more nm metal super-thin film are also possible. When the insulator layer which has these composite 
constructions is used, a cell resistance value can be easily controlled by the mechanical design, and it is 
desirable operationally. 

[0072] A recording layer 101 consists of a thin film which consists of Fe, Co, nickel, or those alloys. In 
order to reduce the power consumption at the time of informational writing, the smaller possible one of 
the reversal field of a recording layer is desirable. The magnitude of a suitable reversal field is 30-50Oe. 
It is the purpose which makes the reversal field of a recording layer small, for example, a desirable 
gestalt uses the film which carried out the laminating of the high CoFe alloy film of whenever [ spin 
polarization / of an electric electron ], and the NiFe alloy film which has soft magnetic characteristics. 
Moreover, the alloy of Fe, Co, nickel, and the other element and a compound may be used. 
[0073] Although the data lines 41 and 42 which consist of nonmagnetic conductivity film, such as W, 
aluminum, and Cu, are arranged at the upper layer of a recording layer 101, it is a desirable gestalt to 
prepare the barrier metal which consists of conductive metal nitrides for preventing counter diffusion 
with these, such as TiN and TaN, in a contact part. In addition, about a manufacturing method, the 
semiconductor device manufacturing technology of a conventionally well-known place can be used for 
configuration lists other than the TMR component section, and detailed explanation is omitted. 
[0074] Thus, with this operation gestalt, since one memory cell (for example, 201) was constituted from 
two TMR components (11 for example, 21) and the memory cell is arranged, respectively to the 
intersection with the write-in line 52 by which parallel arrangement was carried out and which writes in 
and intersects perpendicularly with Lines 51a and 51b and this, it can write in alternatively to the 
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memory cell of arbitration by writing in with the write-in lines 51a and 51b, and passing a current on a 
line 52. 

[0075] the magnetization direction of the storage layer 101 of two TMR components 1 1 and 21 which 
the direction of a current which flows the write-in lines 51a and 51b is hard flow mutually, and 
constitute one memory cell 201 in write-in actuation — always — anti- - taking the difference of each 
output of the TMR components 1 1 and 21 on the occasion of read-out of storage information, since it 
becomes parallel — the conventional technique — comparing — big difference — an electrical potential 
difference can be obtained. It is the current II which specifically flows to DL/DL when the potential 
difference is given between the 1st and 2nd data line DL/DL and a bit line BL while making it flow 
through the eel selection transistor 31 at the time of read-out, and 12. Storage information can be read by 
comparing size with the current detection mold differential amplifier 401. 

[0076] Therefore, according to this operation gestalt, a signal to noise can be improved without being 
able to enlarge eel output voltage at the time of read-out, and causing increase of the power consumption 
at the time of read-out, and it becomes possible to combine a low power and high-speed read-out nature. 
Moreover, since the eel selection transistor 31 with same TMR component 1 1 and TMR component 21 
is shared, it is also possible to remove completely offset of the eel output voltage by property dispersion 
of a transistor. 

[0077] (2nd operation gestalt) Drawing 10 is drawing in which having written with the TMR component 
which constitutes the magnetic memory cell array concerning the 2nd operation gestalt of this invention, 
and having shown arrangement of a line typically. 

[0078] As for 10-14, and 20-24, in drawing 10 , a TMR component, and 51 and 52 are write-in lines. 
Here, in order to simplify an understanding, it writes in with a TMR component and structures other 
than a line are omitted. The part surrounded with the broken line in drawing shows the field of the 
memory cell 201 which is an informational record unit. 

[0079] Two TMR components 1 1 and 21 are contained, in each component field, it writes in a memory 
cell 201 with the write-in line 51, and the line 52 intersects it perpendicularly. The write-in line 51 has 
the configuration turned up in the U character mold in the vertical direction, and with the TMR 
component 1 1 and the TMR component 21, it is arranged so that the transit direction of a current may 
serve as reverse sense. With this operation gestalt, unlike the 1st operation gestalt, it writes in with the 
TMR components 1 1 and 21, and a line 51 is arranged in the same vertical flat surface at a film surface. 
[0080] That is, the write-in line 51 consists of 1st write-in line 51a and 2nd write-in line 51b which have 
been arranged perpendicularly in parallel, and the end of each write-in lines 51a and 5 lb is connected in 
the exterior of a eel arrangement field. The TMR components 10-14 are arranged on the inferior surface 
of tongue of write-in line 51a, respectively, the TMR components 20-24 are arranged on the top face of 
write-in line 51b, respectively, and, as for the TMR component, opposite arrangement of 10, 20, 11,21, 
12, 22 and 13, and 23, 14 and 24 is carried out perpendicularly. And to the memory cell 201 which 
consists of TMR components 1 1 and 21, for example, the 3rd write-in line 52 is arranged so that it may 
intersect perpendicularly with the write-in lines 51a and 51b in the mid-position between the 1st and 
write-in line 51 of ** 2nd a, and 51b. The other configuration and the function are the same as that of the 
1st operation gestalt, and the detailed explanation is omitted here. 

[0081] Drawing 1 1 shows the planar structure of the memory cell 201 corresponding to drawing 10 , and 
drawing 12 shows typically the view A-A'cross-section (a) and view B-B' cross section (b) of the 
memory cell corresponding to drawing 1 1 . 

[0082] With this operation gestalt, unlike the 1st operation gestalt, the common eel node 44 and 44' are 
prepared in vertical two-layer one, the eel node 44 is connected to the lower limit of the upper TMR 
component 11, and eel node 44 f is connected to the lower limit of the lower TMR component 21. And 
the data line 41 is connected to the upper layer of the recording layer 101 of the TMR component 11, 
and the data line 42 is connected to the upper layer of recording layer 10T of the TMR component 21 . 
[0083] Thus, with this operation gestalt, unlike the 1st operation gestalt, it writes in with the TMR 
components 1 1 and 21, and the data lines 41 and 42 are arranged [ in a line 51 and a pan ] in the same 
vertical flat surface at a film surface. The other configuration and the function are the same as that of the 
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1st operation gestalt, and the same effectiveness as the 1st operation gestalt is acquired, since 
[ moreover, ] two TMR components 1 1 and 21 are arranged in the vertical direction with this operation 
gestalt — the area of one memory cell — the 1st operation gestalt — comparing -- small — becoming — 
about ten to 121ambda2 it is . 

[0084] (3rd operation gestalt) Drawing 13 is drawing in which having written with the TMR component 
which constitutes the magnetic memory array of the 3rd operation gestalt of this invention, and having 
shown arrangement of a line typically. 

[0085] As for 10-14, and 20-24, in drawing 13 , a TMR component, and 51 and 52 are write-in lines. 
Here, in order to simplify an understanding, it writes in with a TMR component and structures other 
than a line are omitted. Unlike the 2nd operation gestalt shown in drawing 10 , the 3rd write-in line 52 is 
running along not between the 1st and 2nd write-in line 51a and 51b but the bottom of 2nd write-in line 
52b. 

[0086] Drawing 14 is drawing having shown typically the cross-section configuration of the memory 
cell in the 3rd operation gestalt. With this operation gestalt, unlike the 1st and 2nd operation gestalt, the 
TMR component 1 1 is formed in the common eel node 44 bottom, and the TMR component 21 is 
formed in the bottom. And the data line 41 is connected to the upper layer of the recording layer 101 of 
the TMR component 1 1, and the data line 42 is connected to the lower layer of recording layer 101' of 
the TMR component 21. 

[0087] Moreover, with this operation gestalt, the eel node 44 consists of a ferromagnetic and this is 
characterized by having the fimction of a fixing layer and RE ** in which the TMR component 1 1 and 
the TMR component 21 are common. That is, a recording layer 101, an insulating layer 102, and the eel 
node 44 to the TMR component 21 consists of recording layer 101', and insulating-layer 102' and the eel 
node 44 for the TMR component 1 1 , respectively. 

[0088] taking such a configuration — this operation gestalt — the 2nd operation gestalt — a ratio — 
manufacture of the Bethel array not only becomes easy, but it has the advantage that property dispersion 
of the TMR component 1 1 and the TMR component 21 becomes small. In addition, that only the part 
which constitutes the TMR components 1 1 and 21 should be a ferromagnetic, even if the eel node 44 
uses non-magnetic material for the other part, it does not interfere. 

[0089] According to this operation gestalt, since the laminating of a TMR component and the write-in 
wiring is carried out in the direction of a film surface, sharp reduction of eel area is possible. When 
lambda considers as data- line spacing, the dimension of one memory cell is ten to 151ambda2. It 
becomes and eel area of abbreviation one half can be realized compared with the 1st operation gestalt. 
[0090] (4th operation gestalt) Drawing 15 is drawing having shown the electric equal circuit of the 
magnetic memory cell array concerning the 4th operation gestalt of this invention. In addition, the same 
sign is given to the same part as drawing 1 , and the detailed explanation is omitted. 
[0091] The field surrounded by the drawing destructive line corresponds to a memory cell 201, the end 
is connected to the data lines DL/DL with which two TMR components became independent, 
respectively, and the other end is connected to the same bit line BL through the eel selection transistor. 
Although the word lines WL1-WL4 which became independent, respectively are arranged at the 
selection transistors 31-34, the selection transistors 31 and 32, and 33 and 34 are sharing the drain field, 
respectively. The data lines DL/DL are connected to the current detection mold differential amplifier 
401 through a selection transistor with word line DSL, and the bit line BL is connected to the bias 
voltage clamping circuit 420 through the transistor for selection linked to a word line BSL. 
[0092] It is the description that the contiguity eel is sharing the drain field and bit line of a selection 
transistor between this operation gestalt. Thus, it has the advantage that a bit line number is reducible in 
one half because a contiguity eel shares a bit line. 

[0093] (5th operation gestalt) Drawing 16 is drawing having shown the electric equal circuit of the 
magnetic memory cell array concerning the 5th operation gestalt of this invention. In addition, the same 
sign is given to the same part as drawing 1 , and the detailed explanation is omitted. 
[0094] The field surrounded by the drawing destructive line corresponds to a memory cell 201, in each 
eel, as for a TMR component, the end is connected at the data lines DL/DL, respectively, and the other 
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end is connected to the respectively different bit lines BL1 and BL2 through the eel selection transistor. 
Although the word lines WL1-WL4 which became independent, respectively are arranged at the 
selection transistors 31-34, the selection transistors 31 and 32, and 33 and 34 are sharing the drain field, 
respectively. The data lines DL/DL are connected to the current detection mold differential amplifier 
401 through the selection transistor with common word line DSL. 

[0095] Bit lines BL1 and BL2 are connected to the data lines DL/DL and the bit lines CBL1 and CBL2 
it runs to parallel. And CBL1 and CBL2 are connected to the bias voltage clamping circuit 420 out of 
the memory cell array field through the transistor for selection with the word lines BSL1 and BSL2 
which became independent, respectively. 

[0096] It is the description for a bit line BL to intersect the data lines DL/DL, to run, and to be shared 
between this operation gestalt by the contiguity memory cell array. And it has the advantage that 
become possible to reduce greatly the number of wiring overlaps DL/DL and it runs in parallel, and 
much more reduction of array area is attained, by a contiguity memory cell array's sharing BL and 
taking the gestalt finally connected by DL/DL, and one CBL it runs to parallel. In addition, when BL 
and WL are running in parallel, the so-called page mode read-out of the memory cell of a line writing 
direction read at a stretch becomes possible by carrying out coincidence activation of BL and the WL. 
[0097] (6th operation gestalt) Drawing 17 is drawing having shown the electric equal circuit of the 
magnetic memory cell array concerning the 6th operation gestalt of this invention. In addition, the same 
sign is given to the same part as drawing 1 , and the detailed explanation is omitted. 
[0098] The field surrounded by the drawing destructive line corresponds to a memory cell 201, the end 
is connected to the data lines DL1/DL with which two TMR components became independent, 
respectively, and the other end is connected to the same bit line BL1 through the eel selection transistor. 
Moreover, the end of two TMR components is connected to the data lines DL2/DL, respectively, and, as 
for this memory cell and the memory cell which adjoins in the direction of a word line, the other end is 
connected to the same bit line BL2 through the eel selection transistor. That is, the memory cell which 
adjoins in the direction of a word line is sharing /DL. 

[0099] The word lines WL1-WL4 which became independent, respectively are arranged at the selection 
transistors 31-34. The data lines DL1/DL are connected to the current detection mold differential 
amplifier 401 through the selection transistor with common word line DSL1. Although /DL is sharing 
with a contiguity memory cell array, selection transistors differ and DL2/DL is connected to the current 
detection mold differential amplifier 401 through the selection transistor with common word line DSL2. 
Here, DL1 and DL2 do not share-ize the word line of a selection transistor for preventing the stray 
current which led DL2. 

[0100] It is the description that the contiguity memory cell array is sharing the data line/DL between this 
operation gestalt. Thus, by sharing the data line, it has the advantage that much more reduction of array 
area is attained. 

[0101] (7th operation gestalt) Drawing 18 is drawing having shown the electric equal circuit of the 
magnetic memory cell array concerning the 7th operation gestalt of this invention. In addition, the same 
sign is given to the same part as drawing 1 , and the detailed explanation is omitted. 
[0102] The field surrounded by the drawing destructive line corresponds to a memory cell 201, and, as 
for two TMR components, the end is connected to the sub data lines sDL/sDL, respectively. The other 
end of a TMR component is connected to the same sub bit line sBL through the eel selection transistor. 
The word lines WL1-WL4 which became independent, respectively are arranged at the selection 
transistors 31-34. 

[0103] The sub data lines sDL/sDL and the sub bit line sBL are connected to the data lines DL/DL and a 
bit line BL through the selection transistor with common word line SASL, respectively. The data lines 
DL/DL are connected to the current detection mold differential amplifier 401 through the selection 
transistor with common word line DSL. Moreover, the bit line BL is connected to the bias voltage 
clamping circuit 420 through the transistor for selection with a word line BSL out of the memory cell 
array field. 

[0104] It is the description that a memory cell array is divided in the direction of the data line, and forms 
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the subcel array with this operation gestalt. By using such a configuration, it becomes possible to reduce 
the number of the memory cell in a eel array, without increasing array area extremely. This becomes 
possible to avoid the problem of the output signal fall by increase of the memory cell number. 
[0105] (8th operation gestalt) Drawing 19 is drawing having shown the electric equal circuit of the 
magnetic memory cell array concerning the 8th operation gestalt of this invention. In addition, the same 
sign is given to the same part as drawing 1 , and the detailed explanation is omitted. 
[0106] The field surrounded by the drawing destructive line corresponds to a memory cell 201, and, as 
for two TMR components, the end is connected to the sub data lines sDL/sDL, respectively. The other 
end of a TMR component is connected to the bit lines BL1-BL4 which became independent by each 
memory cell arranged in the direction of the data line, respectively although it connects with the bit line 
BL through the eel selection transistor. 

[0107] The word lines WL1-WL4 which became independent, respectively are arranged at the selection 
transistors 31-34. The sub data lines sDL/sDL are connected to the data lines DL/DL through the 
selection transistor with common word line SASL. The data lines DL/DL are connected to the current 
detection mold differential amplifier 401 through the selection transistor with common word line DSL. 
[0108] It is the description that a bit line BL intersects the data lines DL/DL, and is running with this 
operation gestalt, and it is possible to write in a bit line BL and to use also [ line ]. 
[0109] (9th operation gestalt) Drawing 20 is drawing having shown the electric equal circuit of the 
magnetic memory cell array concerning the 9th operation gestalt of this invention. In addition, the same 
sign is given to the same part as drawing 1 , and the detailed explanation is omitted. 
[0110] The field surrounded by the drawing destructive line corresponds to a memory cell 201 . In each 
memory cell, the end of one TMR component is connected to the data lines 1-DLR 4, respectively, and 
the end of the TMR component of another side is connected to the same data-line DLC. And each other 
end of a TMR component is connected to the same bit line BL through the eel selection transistor. The 
word lines WL1-WL4 which became independent, respectively are arranged at the selection transistors 
31-34. The bit line BL is connected to the bias voltage clamping circuit 420 through the transistor for 
selection with a word line BSL out of the memory cell array field. 

[01 1 1] It is the description that the data line pairs DLR and DLC cross and run with this operation 
gestalt, and BL intersects WL and is running similarly. Moreover, since sharing of a bit line is not done 
in the direction of a word line, either, eel selection at the time of read-out can be uniquely performed by 
controlling BL and WL potential, and bias voltage is not impressed other than a selection cel. 
Furthermore, since the data line pairs DLR and DLC cross, a non-choosing eel does not short-circuit a 
data-line pair. Therefore, high actuation of stability and power consumption effectiveness is expectable. 
[0112] (10th operation gestalt) Drawing 21 is drawing having shown the electric equal circuit of the 
magnetic memory cell array concerning the 10th operation gestalt of this invention. In addition, the 
same sign is given to the same part as drawing 1 , and the detailed explanation is omitted. 
[0113] The field surrounded by the drawing destructive line corresponds to a memory cell 201, as for 
two TMR components, the end is connected at the data lines DL/DL, respectively, and the other end is 
connected to the same bit line BL through the eel selection transistor. The word lines WL1-WL4 which 
became independent, respectively are arranged at the selection transistors 31-34. The data lines DL/DL 
are connected to the bias voltage clamping circuit 420 and the current detection mold differential 
amplifier 401 through the selection transistor with common word line DSL. Moreover, the bit line BL is 
grounded. 

[0114] It is the description that a bit line BL is in low voltage to the data lines DL/DL, and a current 
flows from the data lines DL/DL to a bit line BL through a selection transistor with this operation 
gestalt. In addition, in the range which does not exceed data-line potential, although bit line potential 
was made into touch-down potential in drawing 21 , even if it sets it as the electrical potential difference 
of arbitration, it does not interfere. Moreover, it is necessary to make equal completely potential of the 
data lines DL/DL with this operation gestalt. This is easily realizable with a bias voltage clamping 
circuit like illustration or a kind, with a technique. 

[0115] (1 1th operation gestalt) Drawing 22 is drawing having shown the electric equal circuit of the 
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magnetic memory cell array concerning the 1 1th operation gestalt of this invention. In addition, the 
same sign is given to the same part as drawing 1 , and the detailed explanation is omitted. 
[01 16] The field surrounded by the drawing destructive line corresponds to a memory cell 201, and the 
end is connected to the data lines DL/DL with which two TMR components became independent, 
respectively. The other end of a TMR component is connected to the bit lines BL1-BL4 which became 
independent by the memory cell arranged in the direction of the data line, respectively although it 
connects with the bit line BL through the eel selection transistor. The word lines WL1-WL4 which 
became independent, respectively are arranged at the selection transistors 31-34. Data-line DL is 
connected to the bias voltage clamping circuit 420 through a selection transistor with word line DSL, 
and the data line/DL is grounded. Bit lines BL1-BL4 are connected to a differential sense amplifier SA 
different, respectively. 

[0117] Next, actuation of this circuit is explained taking the case of a memory cell 201. Now, the case 
where the magnetization array of the recording layer of the TMR component 1 1 and a fixing layer is in 
an parallel condition, and the TMR component 21 is in an anti -parallel condition is considered 
(recording information "1"). In an initial state, the potential of WL1 and DSL is 0. Subsequently, it is 
made to flow through the selection transistor 31 by setting WL1 to VDD, where Vbias is given to DL, 
using potential of DSL as VDD. When the resistance of R (l-MR/2) and the TMR component 21 is set 
to R (l+MR/2) for the resistance of the TMR component 1 1, the value of the electrical potential 
difference guided to BL is VI =Vbias / 2x (l+MR/2). - (16) 
It becomes. 

[0118] On the other hand, when the magnetization array of recording information "0" 11, i.e., a TMR 
component, is in an anti-parallel condition and the TMR component 21 is in an parallel condition, the 
value of the electrical potential difference guided to BL is as follows. 
[0119] 

V0 =Vbias/2x (l-MR/2) - (17) 

If it follows, for example, the reference voltage of a differential sense amplifier is set up with VREF 
=Vbias/2, storage information can be distinguished by comparing size with the reference voltage of BL 
potential. 

[0120] It is (1) in order to detect the division ratio of bias voltage V by two TMR components by this 
read-out approach. It is not dependent on the current value which flows for a TMR component at all. 
Namely, (2) which the effect on an output does not produce also when the number of memory cells in a 
memory cell array changes and the impedance between DL and /DL changes In order to divide bias 
voltage with two TMR components, (3) which can mitigate the bias voltage dependency of MR Since a 
current hardly flows to a bit line, it has the advantage that property dispersion of the semiconductor 
device for selection, especially dispersion of source drain resistance can be disregarded. 
[0121] (12th operation gestalt) Drawing 23 is drawing having shown the electric equal circuit of the 
magnetic memory cell array concerning the 12th operation gestalt of this invention. In addition, the 
same sign is given to the same part as drawing 1 , and the detailed explanation is omitted. 
[0122] The field surrounded by the drawing destructive line corresponds to a memory cell 201, as for 
two TMR components, the end is connected at the data lines DL/DL, respectively, and the other end is 
connected to the same bit line BL through the eel selection transistor 31 . The word lines WL1-WL4 
which became independent, respectively are arranged at the selection transistors 31-34. Data-line DL is 
connected to the bias voltage clamping circuit 420 through a selection transistor with word line DSL, 
and the data line/DL is grounded. The bit line BL is connected to the differential sense amplifier SA 
through the transistor for selection linked to a word line BSL. 

[0123] Since two or more memory cells are sharing the bit line BL with this operation gestalt, it is 
possible to aim at much more reduction of array area. 

[0124] (13th operation gestalt) Drawing 24 is drawing having shown the electric equal circuit of the 
magnetic memory cell array concerning the 13th operation gestalt of this invention. In addition, the 
same sign is given to the same part as drawing 1 , and the detailed explanation is omitted. 
[0125] The structure of a memory cell array of this operation gestalt is fundamentally the same as the 
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12th operation gestalt. However, the bit line BL is divided into the sub bit line sBL through the current 
conversion circuit, and fluctuation of the sBL electrical potential difference produced by read-out 
actuation is transmitted to the latter main amplifier SA by the current conversion circuit through a bit 
line BL as a current difference. With this operation gestalt, it is possible to shorten the die length of Bit 
BL and to mitigate stray capacity and wiring resistance, bit line delay is reduced, and high-speed 
operation can be realized. 

[0126] (14th operation gestalt) Drawing 25 is drawing having shown the electric equal circuit of the 
magnetic memory cell array concerning the 14th operation gestalt of this invention. In addition, the 
same sign is given to the same part as drawing 1 , and the detailed explanation is omitted. 
[0127] The field surrounded by the drawing destructive line corresponds to a memory cell 201 , and, as 
for two TMR components, the end is connected to the data lines DL/DL, respectively. The other end of a 
TMR component is connected to the bit lines BL1-BL4 which became independent by the memory cell 
arranged in the direction of the data line, respectively although it connects with the bit line BL through 
the diode component 3 1 for eel selection. Data-line DL is connected to the bias voltage clamping circuit 
420 through a selection transistor with word line DSL, and the data line/DL is grounded. The bit line BL 
is grounded through the transistor for selection linked to load resistance and a word line BSL. 
[0128] The forward voltage drop of diode is used for eel selection with this operation gestalt. That is, it 
is VF about the value of the forward voltage drop of diode. It carries out and is VF <V0. Suppose that it 
is filled. Now, if the potential difference V is given to the specific data lines DL/DL, in the sense 
amplifier connected to the bit line group which intersects DL/DL, it is V0-VF. Or VI -VF An electrical 
potential difference appears. Therefore, storage information can be read by distinguishing the size. 
[0129] In addition, as a diode component for eel selection in this operation gestalt, as shown in drawing 
26 besides junction diodes, such as pn diode, schottky diode, and MIS diode, n mold MOS transistor 
which short-circuited the drain gate terminal can be used. Generally, in a magnetic memory apparatus, 
the MOS transistor is used abundantly, forming pn diode in the semi-conductor section needs an 
excessive component isolation region, and it leads to eel area increase. If it is the diode using a nMOS 
transistor, there is such no problem and it can be called desirable gestalt. 

[0130] (15th operation gestalt) Drawing 27 is drawing having shown the electric equal circuit of the 
magnetic memory cell array concerning the 15th operation gestalt of this invention. In addition, the 
same sign is given to the same part as drawing 1 , and the detailed explanation is omitted. 
[0131] The field surrounded by the drawing destructive line corresponds to a memory cell 201, and, as 
for two TMR components, the end is connected to the data lines DL/DL, respectively. The other end of a 
TMR component is connected to the bit lines BL1-BL4 which became independent by the memory cell 
arranged in the direction of the data line, respectively although it connects with the bit line BL through 
the diode component 31 for eel selection. Data-line DL is connected to the bias voltage clamping circuit 
420 through a selection transistor with word line DSL, and the data line/DL is grounded. The bit line BL 
is connected to the offset voltage circuit 430 and the current sense amplifier 402. 
[0132] Drawing 28 is offset voltage Voff about the current which flows to a bit line in this operation 
gestalt. It has measured as a function. Two curves are the current 10 corresponding to recording 
information "1" and "0", and II, respectively. It is shown. In about Voff =500mV, it is 10. The field used 
as about 0 exists. In this field, it is II / 12. A value becomes very large and it is very advantageous 
practically. 

[0133] 10 according to such recording information, and II Change is realizable by combining the strong 
non-linearity near the forward direction threshold voltage VTO of diode with the electrical-potential- 
difference change according to recording information. Usually, the magnitude of VTO of diode is 
determined according to a manufacturing method. Therefore, the method of giving offset voltage like 
this operation gestalt is a desirable gestalt. 

[0134] (16th operation gestalt) Drawing 29 is drawing having shown the electric equal circuit of the 
magnetic memory cell array concerning the 16th operation gestalt of this invention. 
[0135] The field surrounded by the drawing destructive line corresponds to one memory cell 201. 
Within this memory cell 201, that end is connected to the data lines 41 and 42 with which the TMR 
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components 11 and 21 became independent, respectively, and common connection of the other end of 
the TMR components 1 1 and 21 is made at the transistor 32 for eel selection. 

[0136] Moreover, the word lines 301-304 which became independent, respectively are arranged within 
each memory cell at the transistors 31-34 for eel selection, respectively. The other end is connected to 
the sense amplifier 404 at the constant current source 401,402 with the respectively separate end of the 
data line 41 and the data line 42. The common word line 403 is arranged at the MOS transistor which 
constitutes a constant current source 401,402. A sense amplifier 404 is flip-flop amplifier of electrical- 
potential-difference latching, and has the common source terminal 405 and the data terminal 406. 
[0137] Next, an approach to read the information in the magnetic memory cell array of this operation 
gestalt is explained in full detail. 

[0138] Drawing 30 shows a time-axis to the potential DLW of the word line 403 linked to the potential 
WL and the constant current source 401,402 of a word line 302 of the transistor 32 for eel selection, the 
potentials DL/DL of the data lines 41 and 42, and a list for an axis of abscissa for the change at the time 
of read-out of the potential SS of the common source terminal 405 of a sense amplifier 404. 
[0139] Now, the case where magnetization of the recording layer of the TMR component 1 1 and a fixing 
layer is in an anti-parallel condition is considered (recording information "1"). For the potential of the 
word line DLW which controls word line WL of the transistor 32 for eel selection, and a constant 
current source 401,402 by the initial state, the potential of 0 and the common source terminal of a sense 
amplifier 404 is VD. It carries out. In this condition, the data lines 41 and 42 are floating potentials, and 
the sense amplifier 404 is separated from the data lines 41 and 42. 

[0140] Next, after making WL into the high potential Vcc and making it flow through the transistor 32 

for eel selection, it is the high potential Vs to DLW. It gives. Thereby, it goes via the data lines 41 and 

42, and is the sense current Is equal to the TMR components 1 1 and 21. It flows. The potential of the 

data lines 41 and 42 is Vr about the voltage drop in the transistor 32 for eel selection. If it carries out, it 

will be DL=VD =(R+**R) xIsWr/DL=VD'=RxIs+Vr, respectively. - (18) 

It becomes. That is, it is **V-**RxIs as differential voltage of the data lines 41 and 42. - (19) 

********** 

[0141] next, this condition - the common source terminal 405 of a sense amplifier 404 - illustration ~ 
like - VD from -- the read-out pulse which changes to 0 is given. If the potential difference of DL and 
SS exceeds the threshold potential Vth of a transistor, the transistor connected to the data-line 42 side of 
low voltage begins discharge, and the data line 41 is the initial potential Vd as a result. It maintains and 
one data line 42 is latched to 0V. 

[0142] Where in the case of recording information "0" magnetization of the recording layer of the TMR 
component 1 1 and a fixing layer is in an parallel condition and a sense current is passed, a data- line 41 
side is low voltage. For this reason, when a read-out pulse is given, the data line 41 is latched to 0V. 
Therefore, by impressing a pulse to the common source terminal 405, after fixed time amount progress, 
if the terminal 406 of a sense amplifier is used and the electrical potential difference D of the data line 
41 is taken out, read-out will be performed. After read-out of data, if the potential of each terminal is 
returned to an initial state like illustration, the latch of a sense amplifier 404 will be reset and read-out 
actuation will be completed. 

[0143] With the configuration of this operation gestalt, magnitude phi of the read-out pulse impressed to 
the common source terminal 405 of a sense amplifier 404 needs to be taken as VD'<=phi<= VD. That is, 
the margin to the magnitude of a pulse is read and is differential voltage extent between the data lines at 
the time. It is (1) in order to stabilize actuation of this part. The voltage amplification circuit of the sense 
amplifier preceding paragraph, and (2) The circuit which compensates dispersion in VD and VD' may be 
prepared. In addition, although flip-flop amplifier was used with this operation gestalt, even if it uses for 
a sense amplifier, other amplifying circuits, for example, current mirror amplifier, it does not interfere. 
[0144] Drawing 3 1 is drawing having shown typically the whole magnetic memory cell array 
configuration of this operation gestalt. A memory cell array consists of the data-line group linked to the 
memory cells arranged two-dimensional and these memory cells, a WORD track group, a write-in track 
group that crosses near the memory cell, it connects with the train decoder and the line decoder, 
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respectively, and the selection writing corresponding to the address input from the outside of the write- 
in lines RWL and CWL which make two 1 set is attained 4 at this. 

[0145] On the other hand, it connects with the train decoder and the line decoder, respectively, and 
selection read-out of the word line DWL which drives the data-line pair DL and /DL, and the word line 
WL which intersects perpendicularly with this and drives the transistor for eel selection corresponding to 
the address input from the outside becomes possible by these. The sense amplifier SA is formed in each 
data-line pair, and is driven by common word line SS. And read-out data are read to the common data 
line D. 

[0146] Thus, with this operation gestalt, since one memory cell (for example, 201) was constituted from 
two TMR components (1 1 for example, 21) and the memory cell is arranged, respectively to the 
intersection with the write-in line 52 by which parallel arrangement was carried out and which writes in 
and intersects perpendicularly with Lines 51a and 51b and this, it can write in alternatively to the 
memory cell of arbitration by writing in with the write-in lines 51a and 51b, and passing a current on a 
line 52. 

[0147] the magnetization direction of the storage layer 101 of two TMR components 11 and 21 which 
the direction of a current which flows the write-in lines 51a and 51b is hard flow mutually, and 
constitute one memory cell 201 in write-in actuation — always — anti- — taking the difference of each 
output of the TMR components 1 1 and 21 on the occasion of read-out of storage information, since it 
becomes parallel — the conventional technique — comparing — big difference ~ an electrical potential 
difference can be obtained. Moreover, since the transistor 32 for eel selection with same TMR 
component 1 1 and TMR component 21 is shared, it is possible to remove completely offset of the eel 
output voltage by property dispersion of a transistor. 

[0148] Therefore, according to this operation gestalt, a signal to noise can be improved without being 
able to enlarge eel output voltage at the time of read-out, and causing increase of the power consumption 
at the time of read-out, and it becomes possible to combine a low power and high-speed read-out nature. 
[0149] In addition, this invention is not limited to each operation gestalt mentioned above, it is the range 
which does not deviate from the summary, and can deform variously and can be carried out. 
[0150] 

[Effect of the Invention] As explained in full detail above, it becomes possible to realize a large high 
increase in power and low noise-ization by using the magnetic memory cell array structure of this 
invention compared with the case where the conventional technique is used at the time of information 
read-out. Therefore, the solid-state MAG memory apparatus which has a low power and high-speed 
read-out nature is realizable. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the electric equal circuit of the magnetic memory cell array concerning 
the 1st operation gestalt. 

[Drawing 2] The current value II which is for explaining the 1st operation gestalt and flows to DL/DL, 
and 12 Drawing showing change as time amount change. 

[Drawing 3] Drawing in which being for explaining the 1 st operation gestalt and showing the wave at 
the time of reading continuously the recording information of two or more memory cells. 
[Drawing 4] The representative circuit schematic showing them, assuming components other than a 
selection eel to be short circuit resistance. 

[Drawing 5] Drawing showing the result of the simulation using the equal circuit of drawing 4 . 
[Drawing 6] Drawing in which writing with the TMR component which constitutes the magnetic 
memory cell array concerning the 1 st operation gestalt, and showing arrangement of a line typically. 
[Drawing 7] Drawing showing the planar structure of the memory cell used for the 1st operation gestalt. 
[Drawing 8] Drawing showing the view A-A'cross-section and view B-B' cross section in the memory 
cell structure of drawing 7 . 

[Drawing 9] Drawing showing the memory cell structure section at the time of sharing a write-in line 
and the data line. 

[Drawing 10] Drawing in which writing with the TMR component which constitutes the magnetic 
memory cell array concerning the 2nd operation gestalt, and showing arrangement of a line typically. 
[Drawing 11] Drawing showing the planar structure of the memory cell in the 2nd operation gestalt. 
[Drawing 12] Drawing showing the view A-A'cross-section and view B-B' cross section in the memory 
cell structure of drawing 8 . 

[Drawing 13] Drawing in which writing with the TMR component which constitutes the magnetic 
memory cell array concerning the 3rd operation gestalt, and showing arrangement of a line typically. 
[Drawing 14] Drawing showing the component cross-section structure of the magnetic memory cell 
array concerning the 3rd operation gestalt. 

[Drawing 15] Drawing showing the electric equal circuit of the magnetic memory cell array concerning 
the 4th operation gestalt. 

[Drawing 16] Drawing showing the electric equal circuit of the magnetic memory cell array concerning 
the 5th operation gestalt. 

[Drawing 1 7] Drawing showing the electric equal circuit of the magnetic memory cell array concerning 
the 6th operation gestalt. 

[Drawing 1 8] Drawing showing the electric equal circuit of the magnetic memory cell array concerning 
the 7th operation gestalt. 

[Drawing 19] Drawing showing the electric equal circuit of the magnetic memory cell array concerning 
the 8th operation gestalt. 

[Drawing 20] Drawing showing the electric equal circuit of the magnetic memory cell array concerning 
the 9th operation gestalt. 
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[Drawing 21] Drawing showing the electric equal circuit of the magnetic memory cell array concerning 
the 10th operation gestalt. 

[Drawing 22] Drawing showing the electric equal circuit of the magnetic memory cell array concerning 
the 1 1th operation gestalt. 

[Drawing 23] Drawing showing the electric equal circuit of the magnetic memory cell array concerning 
the 12th operation gestalt. 

[Drawing 24] Drawing showing the electric equal circuit of the magnetic memory cell array concerning 
the 13th operation gestalt. 

[Drawing 25] Drawing showing the electric equal circuit of the magnetic memory cell array concerning 
the 14th operation gestalt. 

[Drawing 26] Drawing showing the equal circuit which replaced pn diode of the magnetic memory cell 
array concerning the 14th operation gestalt by the MOS transistor. 

[Drawing 27] Drawing showing the electric equal circuit of the magnetic memory cell array concerning 
the 1 5th operation gestalt. 

[Drawing 28] It is offset voltage Voff about the current which is for explaining the 1 5th operation gestalt 
and flows to a bit line. Drawing showing the result measured as a function. 

[Drawing 29] Drawing showing the electric equal circuit of the magnetic memory cell array in the 1 6th 
operation gestalt. 

[Drawing 30] The timing chart for explaining the read-out actuation in the magnetic memory cell array 
in the 16th operation gestalt. 

[Drawing 31] Drawing showing the whole magnetic memory cell array configuration in the 16th 

operation gestalt. 

[Description of Notations] 

10, 14, 20-24 - TMR component 

31-34 — Selection transistor 

201 — Memory cell 

301-304,403 - Word line 

41 42 --Data line 

44 — Cel node 

45 - Contact 

51 52- Write-in line 

60 - Layer insulation layer 

101 — Recording layer 

102 — Insulating layer 

103 ~ Fixing layer 

70 — Si substrate 

71 - Drain field 

72 — Source field 
401 — Sense amplifier 

420 — Bias voltage clamping circuit 
430 « Offset voltage circuit 



[Translation done.] 
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TMR^jfi«S«:*5l»-C^X-r 6 «fc 5 KffigStvC^-S 

ct. 0i. »2©»*i&*lB«^*y**ru-rfW« 

[003 6] (8) •fe^iS!Rffl^«<*^ J F-B. MO SMU 
Ci. 

[003 7] (9) — D©1f:r-te.M/TU-f KdStlS-f* 40 
'J-feJKDffl^C^i 1 OO0aT-C*5Ci. 

[0038] <ffffl) ±is©»(iE©iam^ * vmmcta 

*>Xtt»«ctSttft3tf*i#fc. 01- 02©7 r -f 
h^OIBIIC«£lJl^m«91. 02© 
f s -*»{cS&h4a«S©^«:Jt« , r4. 01. 02 

*), 01©7 r -i'^RC) c 02©7 r -$^K:BmttlliS 
^©TMRjR-7-©»taflai-r9l**42>^aS6*i«Etl 50 
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5. TMRS^©StRfIttTMR*^©B*B<!:iEl£Jl 

[0039] *«w©sa»>* y iSB-ci*. 

< . m-3*ti-eti©IBtBH©«fk*rtH*S<r>K:S 3 RT"C 

se-at. *tt&«v k ,..-. *i©TMR*wa 

t/IffifcR ( 1 -MR/2) . 02©TMRJfrf©iSnfii 
£R (l+MR/2) £"$-*£, 01. m2<D7-*m 

< l cmtiz*>xnffi.<Dmi . . i. «. 

I , = V„,../R ( 1 -MR/2) - (7) 
I, =V. 1 .,/R ( 1 +MR/2) - (8) 
£&£. 

[0 04 0] BP^. -fe^mSfe©^ I.,. «!,,. = 
V/RXMRtttO. fmWKilr<*»fcll»fl»* 

fed, TMRSR^CCHJUKSSKOfc-fe^ua^ffl^W** 
^©*»«#©JSia«:«6-3** J £03&. *£0£l/Tffl 
*flr<Wcat6o#*«ftC.*. WMTCt*. 01©TMR 
J&?-£02 ©TMR5R*£«I5|— ©-fe;loiiRffl*s»f** 

[0 04 1 ] K#fflU£&©02WU K^ffib^F 

tt*b3#*£ft«C. 01. 02©7=-f^H«:afi^«r 

^C/h*J±«-rS. 01. 02©f r -£*g[B©1H&M ; t: 
V. 01©TMRIST-©S!niffi ; &R (l-MR/2) . 
02©TMRj^©igin<ii£R (l+MR/2) tt5 
£. ^2©f-f8iK il H8M©*ffiM«. 
V = V lltl /2X (l+MR/2) »(9) 

[oo4 2]fi£o-c. &mms.v, cr z 

V, tF = V„,.,/2 - (10) 

ict8.i£.?z>t. mnmrnz 

V... =V„,../2xMR/2 •• (XL) 

[0043] *K*tiJbffi-c«. ^mms.^m^r^z 

lubm l ©^tULi£«:J:k^^aE©g!(bS*^^ < 
tx&ffi. (l) TMRR^«:8SWa£«ti!&ffite£<t8c#l/& 
l>. BP^, y*'JH2JUTU-f c t 3 ©^*y-fe-'l'^* 5 ^kb 

r. dl. /d LIB© 4 t/fc*£fc 

t>. m^<Otm»&.CfJi^K (2) ^-fT^IESr-O 
©TMR^T-f ^SH-r-S/cJ*. MRO'WT^SEffiS 
tt£3S«-C#£. (3)tf2» h^«c»?&£*a^* s ^n^i<» 

[0044] **w©BB»i^* <;sia«:*sc»-c, 

y*»j-biHC»-r4EtWlrtR©«*ii*W. *l. 2© 
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2> 0 C©BL Sf£l, 2©»»ii*»i*3©»*i&»JB 

[0 04 5]**?8©aBffll^*y*WC«* fUKDTM 
RJRWKBStifcW 1 ©»*ii*»*S6ti4***lSl 

*©«wrr *» i RifM2 oTMR*«««©mb 

tt, MiLlXWlOTMRKMiW&bT. «T-<E>@» 
B <t IBtKH i OBW t<Dffi»« #Wt*. SW T * £ 

[0 04 6] 

[0 04 7] <* 1 Hltt. 

[0 04 8] H**»rB*ti*:«(l^ j eU-fe^2 0 
lfc*tl£U CGM-ty-feJl^ 0 lii2o(DTMRf : f 

tatRh^>^^^^6»^stiri^ a in^x IBs 

(D^^'J-feMiTMRSTl 1 . 2 1 tmVth?>isX 
*3 l3&»6«l*S*l/ 2SB©^*yHzMiTMR* : F- 
12, 2 2£StRh^>^**3 2a>6«J&£*l, 3© 
|W^»;-bMJTMRf^l3, 2 3<hiiStRh^>^ 
X£3 3a>6«iJ&3ft. 4giO^ ; fc , ;'feWTMRi 
^U, 2 4£iIlRh^>^X#3 4^6«J&£ftTl> 

[0049] liag(D^^:y-fe^2 0 ItCfcl^. 20 
OTMRJRiFl 10-«tt^-*«DLCC«&3ft, T 
MRST2 l<D-«tt^-**/DLK:ttaStir^ 
TMRSR^l 1. 2 1<D&ffei&te, -fe;lollRh5>> 

& 0 2RBJ6U»©>*y-fe^*^*^tBI*K, TMR 

*iP©-««f r -*«DL. /DL*c*h**i»tt3 

ft, ffe^^aiKh^>^** (3 2-3 4) £/M, 

[0050] JBJRh^>^*3 l-34CCtt. -£ft^ 
tlteyLLtcV- F»WL 1 -WL4^ffifi$ntl^ 8 
SaiCDJr^tcB^-r-S^^y'fe^TU-Ycbti, 3JRb5 

-*i|gDL, /DLtt, «jI<D?~K^DSL*J3ojll 
!Rh^>^^^^/M.T^«ltti^Sljr>^4 0 lfc 
gaSSftTO*. tTyHIBLJCtt, 



^2 0 0 1 -2 3678 1 
12 

[005 1 ]^, y*y-b;i/2 0i*««ciotco 

[0052]^ TMRJR^l 1 OIBfiWtH«JBO» 

(KUkflMB "1" ) ■ «MH«»r«, WL 
1. BSL. DSLO^fiteOT**,, DS 

fit*, BLCCV bl ..*^*fc ! K«r % WL14V 00 il/ 
10 Ti8!Rh^>^**3 l£^iii*i*£o TMR3R-7-1 1 
(Dt&iKmZR ( 1 -MR/2) , TMR^2 1 Offifii 
ffi£R (l+MR/2) it*i, DL. /DLKiftft. 
4-fe>***©ffiI i , I 2 \*s 
U =V b1 „/R ( 1 "MR/2) - (12) 
I, =V l( „/R(l+MR/2) "(13) 

[0 0 5 3 ]fiP^ Ii > li T*>*K 
= V/RxMt^^ fl EflfcflMR . gp^TMRS^- 
1 l(DWt!W#HffiWiL TMR«?2 1Wt« 
20 »r*a»^cc», 1 1 . 1 2 tt*©<t5«:ttS. 
I* =V H n/R(l+MR/2) -(14) 
I, =V b11l /R(l-MR/2) -(IS) 

[0 0541 I2H sBOBBjaecoy-drflDL. / 
DL*C»ti4«»tai» . 1 2 OKfttWBWkiLT 
9fsUtcb<DV$>Z>o CCT, ^-(7^iEV b1 ,Jj:4 0 
30 OmV, TMRJR^l 1. 2 1 ©ffilSffiteBfJE'* A 7 Z 
■tWttBr 4 0 k Q* KWRJBt? 6 0k 
WL KD^ftSrSn s-lOn s (DJWffflV DD K:Gy$l, 
/Co J^05J:^tC»^ffitaffl{Ciet;TDL. /DLKfi 

[0 05 5 ] H3CC», IBRffloy^y-biVOEOff* 

SilJite 0. 5nsKTiiW/Wli, C©«fc5ttiB 

[0056] **ss?Ksi"c«, mvi^)^a9\-<om^t % 

-£if§IDL, /DLCCN + HB©42^**S*fcl/ri»4*B 
-ecD^lffi@BS«04(D<fc^«:/d:4 o C<D 
iBttt, f-^DL, /DLf^2R/NOffi5i-C 

50 •fe>xmife^SfetlTl^«S"C«, ^-df^DL, /D 



13 

L©I3g*5fnRDK:<fc9, DL. /D L K teffi*HClt{4 

l,X* DL, /DL(DW8*%lT'6tB , r*filCC»<. 
[0 05 7 ] H5ra\ H4CE>«ffiEll8*fflC^^*5 U 
-2/a>©JS*t?*4. CCrit R=2 5 0kQ^r<S 

S»ffi!nR dB „,<DA*3^2. 5kQ, 0« 
ffl»-feA#N= 1 0 0 rttB*3K>«*J>tt 1 0%Wrt*C 
JWiflWttir*. gi^tJ^N= 1 00 0t« 
«tS6©»W3: 5 0 ffifSK*ffiUte<fc9m# 

JHRUCl 0 0«T£-f 5C<fc##SL<. &<XblO 

[005 8] B6«. 2BOW»b««y*yTU-ft 

yfcH-C*-*. H6CCfcCi-C. 1 0-1 4W2 0-2 4 
«TMRS^ 5 1. 5 2J*»#ii*«r*4. CCT 
ttWBSSM&TSfc*. TMR*^£«*a^«eU* 
<D$£te«BSUT*>£o B*©««^B*ftfc»#**W 

itc^ 0 ftteiartt:, S#ii^5 l (Dti&mfotcrQ 

[0 0 5 9 ] ^^rV-feJl/2 0 1 CCtt % HOODTMRSt^ 
<m<&TMR3*M 1 ±»2©TMR**2 1 ) tfi& 

5 1 £flF«&*l*5 2 t*sfiB«:SEftorc»*. 
TMR^l 1. 2 11*. a»©J:5«:*-7bM»*ii* 

tmr*^2 i tri*«fca^^*a!rt*itt*J:. 

[006 0] y*y«feJV2 0 1 ^CDfBl^tf ?R<D##&# 
«, «*i&3«5 1 i««a*«5 2*ffl^Ttf5. 
4\ <RCC«*i&*«5 1<D— 5S5 1 l<£>m{4£AWS5 1 
2 BBS** ±. S£&**H5 1 fcWER*©*: 

tt % TMRJR-f-2 l«cS*LT»ttH56±. TMR^l 

flKftffilf^C*^ ^©fa^te, TMRSft-T-2 1fc» 
l/C«*Httfc TMRJR-f-1 lCCjttU"Cttttffi*r* 

ffiot, C©«jBBJWCJ:?K TMR^l liT 
MR^2 lO>Bfl^n^*K:9En«&ft&J:9ftieii 

[ 0 0 6 1 3 flMR M 1 " . " 0 " ©BMtt, W«TM 
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RJR^l l<DB»BOaWtiB*BOaKb©«»ft*J¥ 
tT^RWCftSfr-CfT^tfiC^ t»*8 "1" . 

"0" <DSt&x.tt. S#i2^«5 ltc«T»*ii*« 

ii*«5 i cc*jc>r, *FF5 i i ecoft#a#«r»i © 

<«i&»B5 laiU MHF-5 1 2«coft#5*4*2 
0«*a*«5 1 b£T£o 

[006 2] «#ii*B$K:-feJl/»JR*fT Sfca&CCtt, « 
*ii#j»5 lOttCC* «#ii*«5 2 (*3©«#ii* 

io m i&mr&. bp** B5w>J:9«:»#ii*»5 2«c 
©HBccttB*^©^Enr^r^<o««»»*J^c 

& 0 »Srii*«5 2*6O«*«IK0*|nItt. TMRf 
Tl 1. 2 1 TH^lSir* 0 , 5 i^e>©i 

sfcBWjSriftKaa-c**. -ttor. mz&frms i*>& 

<0*St»»Ofi*«TMR*-?-l 1 , 2 l©H«E»IKCJt 
< , *»o#*j&3«5 1 . 5 2a>&©£flE©«* 

BBWoffl^HlEttff^tt^** < ft* J: 9 ^n^n 

<D»*i&*»5 1 . 5 2CC»T«*i&***©tt*:Rffi 

20 -rtitf, •feiU»JRS*ii^* 5 *H"ctr*o 

[0063] ±ieo <t 9 Kmstr&MBBBM&m 

fiWb2gs«l*»*ii**5 i^eomistttff^^tf 

Ccr«C&tftf*tA>. */c, t»i&»i5 1, 52« 
TMR^ififitCfc^t^f U fet2?1-^£*«^ < . 

[0 06 4] |7(t Bl Kl*fj£L/c^*y-fe;i/2 0 l 

— o<D«Jfi*CCZ:o(DTMR*-?-4^rL, TMRJUW 
30 S-i'SK7 0±fcrt*8ti***y**«*B«^* 

[0 06 5] 07^4oC>-r. 7 l tt-feJU3I{Rh5>^* 
*<DFU 7 2tt*JWHRh9>S>X*a>V- 
XjWA 4 1. 4 2ttf-*i, 3 0tt-feJM«KF5> 
^**©«7-F«* 4 4ttTMR*Ml. 2 1 <DT@ 
KJUttStlfc-fe^^- F. 4 5im^- K4 4<bt;l/ 

£o -feiVBlRF^>^f ©V-^««7 2«. 0*r 

1 ^*y-b^©^tttt2 0-2 
[006 6] **lfiJB«"Ctt, — o©TMR«T--C— o 

[0 06 7] 0 8(t 07<D^^rV-feJl/ :s FM^3§K:*JW 
«*aA-A t Brffi (a) KCF^MB-B' »fB (b) 
**-TiKBr**. S i«R7 0±«c»JSR3ti6*« 
50 ttBBastS^«HiOH»» SiO, ^<Dnra^^ 
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smm i o i /tmm i o 2/mmm i o 3 

ffllltM$ntC^ 0 TMR^l 1. 2 ltt, * 
y - K 4 4 ±CCf^3 tltl^o -te;W-F4 
4*** •fe;bj»!Rh'7>^X^iTMR*^l 1. 2U 

OttfliltBW, Al. Ta?^fIt4^W^ffl 

[ o o 6 8 ] «fti&»«5 l , 

5 2 ±7^**94 1 . 4 2£#«bfc«j££*LTl,>& 10 

H-g«:5W-J:5«:W««*WU. y-*«4 1. 4 
2*c«*ii*»5 1 3 WSCit^HBr* 

s. c©»£* H8cc^r«#ji*«5 i ccs*j£ra"^ 
nmtcT- «4i, 42 3^*©— «a«:*ji»rs»3 n 

ii*J»CCTMR*-?*8*L/T*tl*»*ii*««©^: 

£ 5 £ c t & pj«g-c^> £ o 

[0 06 9 ] -feJU-/- F4 4©TSBSVTMR* : ?-©3 

itfTiN, TaN*©*«t*«»Wi*6a*^y 

SHI 0 3<DtSJI,tt. MEM«MIP i r«ft:abk. A 
u. Pt, Ta, Ti, Cr9©^FH*RWtt>J: 

[00 7 0]ifll03B, Fe, Co, N i 3r L < 30 

fct, *©HliKIM*. «BfiOE»IB©S«»*«cJt 
x.BMn^©4ISSlt4*iF e, Co, Nif 
/cFe, Co. N i gl< B^6©^iCu, Ru 

[0 07 1 ] KSil 0 2ttA lBKbH»6tt0. ®S 40 
Ji 1 0 3 ±K7 S v * UrSRRSn^. 

^ftetycte, 2 nm«TOA 1 K*JBflS». ^A 1 ■& 
K*y^Xv«:«fc»)K{tOTJgjgjS3*x^ B tUMil'0 2 

vx^mm. smmmxtemmf&mztitcA 1 Nig 
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[0 0 7 2] IBS»1 0 1«, Fe. Co. NigK 

<-r*BBrc, wi^tffflfts^-cD^tfXBffisoiairiC 
o f e ^^iiittaaMitt*** ^NiFe * 

e, Co. N i i^tltWOTcSiCD^ <b^ft*S 

[0073] ibsm 1 o 1 cd±hcc«, w, a i . cu 

m<D$mW&&W&frtt*7 : ~ *«4 1 , 4 2 OTB« 
«T i N. Ta.N*©»«tt*Ma^b**6tt*/<yr 

y * ^ > * * f tiNsacmt zcttms v^nmv 

$>Z 0 fcfc* TMR*^m©««EafeVCC«jlft«:o 
[0 074] COXSttmfc&IBTClZ* 20CDTMR 

ffcf. (fliAtfi 1,21) o©y*y-fe;u (#1* 

tf2 0 1 ) **MSU WBH3*ifc»*i&**5 1 
a, 5 1 btcn«Ci(Kra»*ii*l«5 2i©*ftaB 

5 1a. 5 1 bi»*ii*«5 2«:*8fc*»rci«:j: 

[007 5] »*i&*K5 la. 51b *8fcft£«iJfc:fr 

^'jt^2 0 1«n2oOTMRS^l 1, 2 
KDiBtSMl 0 lOBikSHttXKRWiftSCi* 
6. iBtt»«©S»HiUCC|BUrTMR*'?-l 1.2 1 

1, S2©f-^DL, /DLitftF HKBLiOIB 

1 2 ©^/h*«w«as«»r >^4 o i KJcOittfrr 

[0 07 6 ] fi£or*IS56^flSCc j:ti«, §S*ffibB$© 

(D^Sm*©it^JS< Ci^<<t^-5i : i : l:b^#'r 

-2>Ci^pj^<*;rj:a o $/c, TMR^l 1 <bTMR^ 
^2 1 <L«|5j-©-fe^iStRh^>^^3 lt**t4 

[0 07 7] (»2©»»»)H10lt 
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[00781 010 Ktet^T, 1 0— 1 4&tf2 0— 2 
4BTMR*^ 5 1, 5 2ttg*&*irc&£ 0 CC 

WWKDsMi^ffl'C**^* U -feJl/2 0 1 
[0 0 7 9 ] -rf*y-teJV2 0 1 tC«, 2oCDTMR^ J f- 

nt2i -en^noi^i^ij io 

CvC. •ft]&»M5'l&««j&»fll5 2£«Sa<Cftft 
Uti^o «*&#«5 lttiT^ftfcU^SWcSfOil 
l//c7£tt*WUT*$*K TMRt-f 1 UTMR^2 

MRS-? 11.21 5 1 t2KHCC£ff£ffl 

[0080] bps. ««i&»M5 i mdsgkcwt 

CCiBBSti/c»l©«*ii**5 1 a£S?l2CD#£iA# 
jg5 1 b*>6&9. «<iO«#ii*«5 1 a. 5 1 b© 20 

g*5 1 aOTKcTMRJR^l 0-1 4^ti«tiEB 
Sft, «*ii**5 1 b<D±ffitCTMR«T-2 0-2 4 
#*ft*ftKB3ft, TMRSR^tt 1 0 t 2 0 . Hi 
2 1. 1 2d:22, 1 3 <b 2 3 . 14^24 #Iliff#fil 
CCJtffiJiBjBStirCiS. fit, WittTMRJR^l 
1. 2 1 frhU2>J*V'&)l'2 0 lte*fbt«, f 
CX»2 0»#ii*«5 la, 51 blH©*HMa«CC, # 
#&#*g5 1 a, 5 1 bOCi£^T^J:^K:, !SI3<D#£ 

m i (ornmmi&tmm^ o , c ccb*oiwbki«w 

[0 08 1 ] HI 1BH1 0«:*H6L*iy j fcU , fe^2 0 

1©¥B****U HI 2»H1 i«a#itufcy*y 
^WD^&A-A' Wffi (a) S^tlB-B' 

(b) *«aWCC7SL/Tl»a. 

[0 08 2] «8BB«Wtt» 1 ©SaBBtt ±tt*tt 
0, ^ii<D-feJl/y- K44, 44' #±T2 JB(CSW6>' 
ft, ±flH©TMR3R J M 10T*WC-bJW-/-F4 4*s» 
IftSh. TI»J<DTMR^2 lOTIHc^^- F4 40 

4' *sgnt8*vei>s. *i/c, t-mrsrt-i i©sb» 

1101 <D±If CCtt^-^igU 1 *J««Sn, TMRf 
^■2 1 OiBiMI 1 0 r <D±JB«:ttf s ~*«4 2**&R 

[0 0 8 3] CCD<£ 5 (C*HJBB«-Ctt, ft 1 <Dm&B 
mtmte*)* TMR^l 1. 2Ut*iM*5L 

s & *»4 1 . 42 ucmccansrAon-^n 
wtcffig^n^. «ti£W-oflw % mB»ft 1 <diim»b 
»±ei«-c*»5, 0ionte^i0M^f#e>n 

*fc:«gW&»Ttt, 1.2 1 50 
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3&*±T^fii«:EBS tiS/cS), 1 o©y * y -te;H!>ffi8t 
«ft 1 ©HiH&Mctt^/hS < ft 0 . *5i:f 10-12 
A* T*5. 

[0084] ma<D9atim) hi 3 a. *ik«<d» 

3 QSOK&^ttflM *«7U-f «r#MW STMR^ 
iSSii^WOEBiftSW^LfcHT**. 

[0 08 5] HI 3(C*JC»r, 10-14^2 0-2 
4ttTMR*^ 5 1, 5 2Btirii*lBt*i. CC 
rttfflJBitt^Ccr-SAiJ?), TMRSR^&fcfciMUKUJJ 
^<D$Ste^l>t&£ 0 HI 0«:mLfc»2<D3l8Bg 
8g<tfcJ:#lfc9, ft3<D»*i&*»5 2*J»l. »2©i 
*ii*3»5 1 a, 5 1 bOIHTtttt< > ft2CD#£iA# 
*g5 2 bCDTSriloTl**. 

[008 6] BUit »3©»BI5»Cc43»*y*y 
H2Jl/©Kffi««E4«a;W«:^uytH-C*4o #3«»B« 
TWftl. »2©H«SB«i:B»a?), ^3lCD-fe;b^- 

F4 4©±WCCTMR3R J ?-1 1 TM«:TMR*¥-2 

l«J55ntl^o fLr, TMRSR-T- 1 .KDBCMi 

1 0 \<D±Mte\t'r-Zm4 l#8SM3ti« TMR^T* 

2 1 (DfS&Ji 101* ©TJlfcttf*-*^ 2#J8«S 

[0 08 7 ] Sfc#HJBi5ttTM*, -teJl^- F44*i» 
cn^TMRf-f 1 UTMRS^-2 

•r*. ep^, tmr^i lBsafM ioi. mmm 1 

0 2. -feJl/-/- F4 43&>6, TMRJR^lBEBil 

or. t&im 102*. F44*»6*n-eti 
flussft*. 

[0088] COJ:5«t*«*i*C4-C*iafc»«r 

Ht % Iff 2 ©^jiaBicJt^-fe^T u A ©«jS*«SS«:& 

hictt-Ct£<. TMR^l 1 tTMR*^2 1 CD^tt 
F4 4«TMRSR* 1 1. 2 1 £raj&^£SB#©^ 

[0 08 9] 2tcSQfcJB«CCi:*itf . TMRSTR^f t 

1-rf^y-feJKO^tffittl 0— 1 5 A 1 £tt?K ftl 
[0 09 0] <ft4<D5g8WB») HI 5tt. *»9SO» 

[0091] H*«»tw*nfe««^ j ey-fe^2 o 

-^«DL. /DL<C*©-«*«a8»3ti, ft^^-feJU 

nn^ e 3§!Rh^>^^3 1-3 4«:«-en-enj* 
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fth7>^**3 1 £3 2, aCf3 3 43 4tt*tl*tl 
Fl/-f>*««r«Wlt^i. ^-MiDL. /DLii 
9-FSDSL jltR h ^ > * Sr/h l/"CHfi£t& 
tHSi«7>^4 0 1{cSft3n, e-/H6BL»7- 
FMBSL K«ttl,fcWUB h 5 >t>* * Sr/rLXV* A 
T X WE * v > 58 4 2 0 CC g 3 ft X C . 
[0 092] *«fc*«rct4. h 9>iJ 

X*<DFW>«ttfttftr* h«*JWW5Ci» 

[0 0 9 3 ] <*5©SW*«) HI 61*. 
5 ! J -fe^T u 4 

UffiiaiBS^U/cBir**. ftfc. HI iH— 

[0 094] iMtlJ^cSW^* , ;-fe^2 0 
ltC»j£U §*<D^UCCte<,>TTMR3W4, ^ft^ 

LI, BL2CCSS»3nri»S. jKRh^>^*3 1 20 
-3 4Kt4^ft^ft?*;£L/c'7- FiWL 1 -WL4# 
EBStirc^^ StRh^>^^^3 1 <b3 2, SO* 
3 3 i 3 4 1« Wh F U-f XBKItJWl/t^i. f 
-«DL, /DL«, *jI©tf~F«DSL*J*oai 
!Rh7>^^^*/M>r®S^fflS^»T>^4 0 1 «: 

gafc3ft-ci>&. 

[0 09 5 ] fcf? HBL1. BL2t4f r -£*8DL, 
/DL<bWTOCj«TTStf* h«CBLl. CBL2(C 

8a*3ftn»*. cbli. CBL2«^^y 
*khTi><{ffim-c, -en^njfcSL/fc9-F»BSL 30 

1, BSL2^oatRfflh^>^^<&^UT>'^T 
XSff^7>^i84 2 0 tcmffi2tirt,>2> e 

[ 0 0 9 6 ] ^msmmrc^ bmBL&f-zm 

DL, /DL££Xb-tj£t7U KS^-t'JWU^ 
y-feJl/TU-f**BL42SfrU *»KKCDL. /DLi 

wtc^tf r & — cb l -cg^-r S JBJB* <b £ C <fc 
tc<to, dl. /DLcc«aurwtc*tffaia»co 

BL, WL3ftBHf«:j6tfl/T«r**l»*, BL. WL^ 

ft*. 

[0 09 7 ] <» 6 ©HJfi»«) H 1 7 14, *#MB©» 

6©3Stt»iBfc«*>a^^* y t;uru 4<d*«w& 

mWm&*^ttMXbZ>» ft*5, HI iH-W^CCtt 

[0 09 8 ] Hcf 3 SS«'CH*tl/c««*^ j ey-fe^2 0 
1«C#|6U Z1^CDTMR3W4, ^ft^ftifctL/cf' 50 
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-*iDLl. /DL«C*©-«*«l«3tl, flhtttt-ts 

|R h ^ * LXffl—<D V v h«BL2CC&tt3 

[0 099] StR h 9 ^31-34 «C«, 
ftSfcftLfc?- FiWL 1 -WL4#EH3ftT:i,>£. 
f-»DLl, /DLit J«09-FiDSLlt 

JtoistR f ^ > vts * l rmifctfc tHS^sftr > :* 4 
o 1 tettttSivcc**. /DLttUBS^^eywu^ 

DL 2, /DLi«i©9- F&DSL2£J$ojStRb 
7>^^^LT«»tftffiSf^ttr>^4 0 1 CCg^ 
3ftTl>£ 0 CCC, D L 1 <b D L 2 WMiR b ? 
$<DV- FH£#frttl/ttl>0(4. D L 2 ^rilD/c^ 

[oioo] #^teJ£S§r&4, hhr^* y 
^-^«a/DL«:^urc^ci^#»r** 0 

C<D£ *> KIT 5 - #i©4£3tr * C <h (c J: 0 , 7 u 
O— JBCE>iS«^ pJtl t tl 2> t *»JJ&*W 1/ "CC^o 
[0101] (»7 ©S0WJ«) H 1 8(4, *»IR<D& 
7 ©HWmffib^ia^'t y "te^T U ^ ©IMW^ 
^FffiEHBSrSUytH-C*** ft*>\ H 1 iH— 9B»{C« 

[0102] @«tl^W^tn;l/2 0 

8sDL, /sDLM(D-«^Si$nTl^o TM 

R*^(D<fijatt, ^jbrnRbv^zmftLxm— <o 
v?vv bUs BLwiffiKsnr^a. is^h^>^^ 

^3 1-3 4tC«, ^tl^n!fc£L/c9- FIWL 1 - 
WL4«$ntt^. 

[0 10 3] If^-^IsDL. /sDLSO-y-^tT 
^MsBL«, ftilO^-FISASL^NFOjSJRF 
v>^^*^L/T, •^n^tlf'-^IDL. /DL, 
fcTv HBLCCffiJKSnn^. f^-^lDL. /DL 
tt, ^aiCD?- FIDSL^oSJRh^>^X^^r^ 
UT«^HaMttr>^4 0 l«c»|»3tiT^4. ^ 
/c, FiBLtt^^'J^T U-<^iS^*C, 9— F 
IBSL^^oillRfflh^^^^^^^^^^VT^^ 
Ef7>^@B4 2 0tcSi^3nTl^ o 

[0104] **ss^sir«, y * y -b jut u a*-^- 

u-rH8i*a4a(c»^3i±sc<tft<. ^^r\y^^<o 

^^y^;UOffl^ffi«3-^-5C<!:^oJfife<5:ft*« Ctl 
y*yH2JHi»<D*t*«:J:4tH**#fiTOPfl 
EI jg-T * C <!: ^ °lt& t ti 6 . 
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[0105] (»8 QjOGMt) H19B, *»PJ©* 

[0 10 6] B^ti«tifclW*^*9**2 0 
igsDL, /sDLM(D-»#ffl»3nt^5. TM 

BL4fCflMS*VC'l>«. 

[0 10 7] SiRh^>^^^3 1-3 4 KB, ^tl^ 
ftffiSU/c?- F8WL 1 -WL4^S2I$ntC^ 0 
W-«sDL, /sDUt ja<09-FISA 

F«D SLt»o«R h7>^^r^ltS 

«*iffis»ibT>:/4 o i (c»«snrc^4. 

[0 1 0 8 ] *HSfiJg»"C«, t?FiBL#f-« 
DL, /DLCC«LrjfttfbT^4iD*J»«r*0, 

[0109] <»9<oioi»») 02 ob, *§m<om 

[0 110] H*W»"CB*h*:W*W^* «J-b^2 0 
RfW-Sliftienf-^SDL R 1 - 4 testis 

«tt3ftTt>6. *LtT. TMR**©&flWStt. 
■^F5>^****l/^B— MRBLK:18«3 

nti^o «Rh9>^#3 i^3 4ictt. ^-ft^ft 

aSL0/c7-F*aWL l-^WL436SEB3tiT^*. tf 

^>^@B4 2 occsaftsftri**. 

[ 0 1 1 1 1 *3U6JB»^tt, f-WDLR, DL 
CsWfcROTjtfTU B»tCBL**WLfc*aiLT*tT 
Utl^^WWo */c. "7- FSWftKBtf ^ 

[0 112] (IRlOOiOWM) *MBO 
Klfr^ffi0&£^L/cH^&&o ttfc, H 1 £B— 
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[0 113] H*Kttt?H4tifc««*sy^y-fe;i/2 0 

itcfttt&u -ooTMRf^i, ^n-en-r-^SD 
>t>***:frLt:B— ©try FtBBLCcSiistrct* 

fc9- FHIWL 1— WL4jWKKS*TCC»£. 
DL. /DLB. fta07-F«DSL*»ojWlF^ 
>^X£4:frOT^T*«EE*5>:/[aK4 20i^ 
io SS^WS^«JT>^4 0 i(c8SIStiTi»&. t: 
? hMBLIiSJtStiTl>«. 

[0 114] #HteJB«TW\ t'; HBBLaWf*-** 
DL. /DLCC*fbTffim{4^*0, f-»DL, / 
DLJ^iatRF^^***/^^ ? hi^BLtcmiS 

JHB-Ctt, f-^DL, /DL4)tttt*3&tC*L< 
T CtiB, H^©<fc^ft^^7^«E^ 

[0115] <» i i (ornmim) H2 2 *iaB© 

mi icDll«fi»JSS(c^t>SfiB«v^:y-fe;uru^<D«« 
W«c*fljlHll8*^0^H"C*S. Hl<tB— 

[0116] 0+®®'CH^n/c^«^^ , ;*fe;v2 0 
-^dl, /dlk^cd— •aWftiisntri^a. tm 

30 «B-L«:Sa*Stir^4*J, ^-**#ifilK:raWS*i;fc 
yj&iJ-feJl/r^tl-tnafibfc^y hi^BL 1-BL4 
KS«S*rtC>*. «ttF^>S?X*3 1-3 4KB, 

^nwafiofc?- fiwl i-WL4^i2Bsnr 

>SP^»4^LT^-f T^«E^^>^@II54 2 OKjg 
L1-BL4B, -tti^W»tt&«tt'b>^r>7 r SA 

[0117] wc. ^*y-feii/2 0 1 *Wc&oTc<d 
40 BKattfEtWH?*. ^ TMR^l KDIBSBi 
IfKDUfflWfffW TMRJR*2 1;MEW 
ttttT*&«^«*it.& (iBSi«« "1" ) . WWtt^ 
WL1. DSL©»tttt0t*S. *Cvt\ DS 
L©«ffi*V DD £l/t* DL«CV>,„*^*fcttIfrC* 
WL l*V DD il/raiRF^>^*3 l*^il3# 

TMRf-f 1 ICDffiCxfilSrR (l -MR/2) , T 
MR** 2 l<Dffi5x<B*R (l+MR/2) £T*i. 

b l (fcmm 3 n ^iE©ffi«. 

•V. =Vbias/2x (l+MR/2) ••■ (16) 
50 £fr£o 



(13) 



23 



[0 118]-*, Bfttfttt "0" , WftTMRf^l 
1 ©flHteW#fi¥frtt«. TMR^2 1 Wt ttJS 

[0 119] 

V 0 =V bl .,/2x (l-MR/2) - (17) 
ffl^t. WxBiftt >X 7 > ^0#11E4 V R E , = 
V b1 ../2±HJ£"rtitf, BL«(4©#JB«EEiO*/h 

titters c &rEiiiMre«ttfr« cim *. 

[0120] C©»*fflL^t«,- -OOTMRSR* 10 
MRaR7(ceUiS«ttlUc±<«9Lf&^. BP%* 

u-feji/Tu-f^^-ty-fe^^^bur. dl. /d 

«#£Dfct\ (2) * 4T7MEJk^><b TMR^t? 
#Kir&/ctf\ MR<D;WT*mEft#tt£iiM^# 

O) fcf? h»«cttft^««#is»iai^«>. 
[0 12 1] (»1 2(0*JBB») H23tt, 20 

mi 2cD*ife^^^t>^«m^^ ! ;*fe^r wg>«» 

Wtt^H»*^UfcB - C**. SI 

[0122] BtfttMrBStlft:im^«!; a fe^2 0 

L. /DL*c*<D-»&«tftSft. flMStt-feJWKRF^ 
>5>x*3 ©tf* F«BLfcJgttS#vc; 

c^a. b*?f*:/5?**3 i-34(cw, ^ft^ftifc£ 

Uc7- F«WL l-WL4^Eg$ntl^o f*-* 
KDLB, 9-FBDSL*»-3«Rh^>^**^ 30 
UT/WT^«E^^>^0l»4 2O«:«»3ti, 

>*T>:/SAK:&&bTl>*. 
[0123] tT 9 F B L Srffigt©^ 

[0 124] <»1 3CW«W«l) B2 4tt. 
mi 3(«IWilCflib41«^*y U-f OUR 
W&9ffiB»*^07dSrc*S. B 1 tffl—^ft 40 

[0125] *xmhbi£. y -fe^r u -*©»£» 

g#ttK:&*mi 2©3Ht»»i'ra--c**. fib, 9 
FliBL3WWB»BB*^l/r^fcf9 hSsBLiC 

E©^tt«:, SisHCIflBBK: J: 0 mfc^t LX tT 9 F » 
BLterfft^^^TV^SAfc^Sft*. #^ 
HSBflTCtt. tr? FBL©fiS*«< l/C#jttS«. IB 
Kffi!Rt««r*Ci3OTItt-C*0, tf9 F«Ba«:i5 
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[0 12 6] (mi 4©J|^ffi) B2 5te. 
mi 4©^i«^i^^^ U tJb7 
WttSffiBKfc^LfcBr**. 01 £1*1— 

[0 12 7] B*««TB**ifc««*s> j ey-fe^2 0 
lK*ftSU ^©TMRJR^tt, *h*ftf f ~*»D 
• L, /DLK^©— «iStltC^ 0 TMRJR^O 
ttMB. -bJWWifliy<*-F*-=F3 lt/Ute^ F 
HBL«c»«SiiTC>4*«, ^-*»^«:li5W3ti;fc 
y*yHs*r*ft*hlttbfctf * F*gBL 1-BL4 
KHSttSftT^S. f-$8DL[t 7-FtRDSL* 

fiFoaBRF7>^^4^LT^-rrx«a^.^>^B. 

£ 0 t^FUBLK, fi#ffitaiT7-FSBSLCC»JK 

[0128] ^mmsimrc^ FomsrAws 

^»T©ffi*V r iU V F <V 0 *«fc3ht06 
i-T^ 4\ WJEO^-^DL. /DLCCWaiSV* 
DL. /DLiSKTSt* htt»CC««S 

n/c-fe>^r>^tcB, v 0 -v, XttVa -v r ©^ 

1t«©i^ m O *tr 5 C £ **C * 
[0129] ft*s, *WI»»«:*JW*-b^»!ffly^ 

-f*-F. MI SW*- F»©aMffly-f*-FO 
f6, B2 e'KSTi^K, FW>/ Fi&?*JS*& 
1/cnSMOS h^^^^^fflWCim^ — 
B£U*ysatT«, MOSF7>^*^l 
Stir**")* ¥4H*Wcp n^^-FiMtSCi 

nMOS F^>^**fflt»fc*-f*-F'C*ti 

[0130] (mi bommm) @2 7«, *w»© 
mi so^ss^wi^affiam^^y-fe^Tu^cD^ 

W&«OBI8**Uft:B , C**. fcte, 0 1 iRI— 
CCttH— «F#*«U-C, ^©f¥bt>Sft93te«Brr£o 

[0131] s*®^rH^n^^y^y-fe;v2 0 

lfcSttfcU r^OTMRJR^B, ^Wtlf-^D 
L. /DLK:^©— MiPS8K84rCl>&. TMR^O 
ffiiStt, -feiWHRfflyV^-FJR^S lt^lte» F 

>^y^;i/r-en^nsto5:u/ctr9 f>ihbl 1-BL4 

(CSa«3tiTC»S. f-^SDLB, 
^>«RF^>^^*/M/^^^T^«ffi^7>^ia 
B4 2 0«:8N»S*K f-WDL»i«!Snt^ 
£ 0 fcf9 FSBLtt, *7*fe9 F®3E1I8S4 3 0 

■fe>*y >^4 o 2 tcS^^ntc^o 

[O132]028», *HJfi^JS«:*J^T, e^hg 
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"o" tcztfc'rzmm i 0 . ii £^bTi>£ 0 v off 

= 5 OOmVifijgr, I 0 CD^anS&OifcS®^ 5 ?? 

[0 1 3 3 ] C<D<fc^^fBli^t«tCj£D/c I , , K© 
•jm* I* 9 3/» * F WEEV TO iS»r©*Ci*IBP*jH* 

So 

[0 134] <m 6©X*W») H2 9tt. 
If! 1 6 ©HJBB«K:«to*ra»-rf t'JWU-/ <Z>S« 

[0 13 5] H*K«"CH*ti^:««3Wlo<D^*y«fe 

;i/2 o icc»j£-r*. c©^*y-fe^2 0 lrtr. tm 
RSR^l 1. 2 ltt^nwiacttufc? 8 -*^ 1. 4 

2CC*<D— »rt*8S»3ft, TMRSf 11, 2 1 CDffeSS 
tt, -feJWWWi b?>i?x*3 2lc&m&10t2tixi,> 20 

[0 13 6] §y*'JtWr, -feJl/aiRJBF^ 

>i/x*3 i^3 4«:«*n-etiasi//c'7- f«3 o 

2<D— i!8»**i*ti8Jffl©3e«*iR4 0 1 . 
4 0 2&C, flMttHz>*7>^4 0 4fcJgttS*TCl> 
So 1MH40 1. 4 0 2*«J»TSMOS 
^*CCtt*ffl©«7- F«4 0 3#ebs*vci>s. 
xy >:/4 0 4 «mE^ v *m<D? y * a ? ^*r> 

^-Cftrj, jav-xJ»4 0 5 fr-ZWi+A 0 6* 30 

[0137] #CC, *SU6JB«©BB«^*y "fe^TU-f 

[0138]@30«, •fe;USJRfflh5'>> ; x^3 2C0 
•7-F«3 0 2©lttWL, 5Em»®4 0 1. 4 0 2 
8&ttT4»7-F«4 0 3©«ffiDLW, f-»41, 
4 2(D^{4DL, /DL, ttW > b>X7>^4 0 4O 

[o 1 39] <%\ tmrjr-^i i<D&mm±@^m<Dm 40 

- 1 w ) o tmrarcis. H2Ji>a«iBF^>^**3 2 

09-F*WL, fi«tH140 1, 4O2£$0®TS'7 

- FttDLWCD«&tt0, ■fe>^7>^4 0 4©^iV 
-xij»<D»ara:V 0 iTSo C©tffl»"cra: % ^-3?^ 
4 1, 4 2IJ7P-f^ >y«{SrC**K -fe>^7>7' 
4 0 4«f-^4 1, 4 2*»6«J0«Sft'CI,»*. 
[0 14 0]%tC % WL«rW*fl[VcciL-biWllRffl F 

£^*£o Ctitcj:0, f-«4 1, 4 2^ig*LT 50 
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TMR*?11, 2 1 {C«Ul»-te:/*W*I s 

So f-^«41, 4 2©*(fttt. -fe;uatRfflF7>^ 

^^3 2tC01EKT^rVr t^ftlkt. ^tl^tl 

DL=V D = (R + AR) x I s + V r 

/D L = V 0 ' =Rxls+Vr -(18) 

itt*. IP 5* y-*«4 1. 4 2<DmbnK±LX 

AV=ARX I s - (19) 

#f§e>n*o 

[0 14 1]*^ C<DtKS8T-fe>XT>^4 0 4<D^ 
av-^J8-?-4 0 5(cH*©J:^tcVo OCCULT 
S^UlL^^X^-^^So DL<tS S<D^{4M#F^ 

f-i«4 2B0V{C^^SnS. 
[0142] e0W« "0 " <D»*CCtt, TMR** 1 

i onmrn iitiowtew war* -fe 

i»*»L/ctt!Br«f s --dr3»4 1 fflWSffiWar**. C 
<£>/ctf\ 8*ffiO^Xt#iii, f-^i4 1^0 

v*c^9*s*is. 86o"r, *iv-x«^4 0 5«:^ 
***BJiBLT— JElWIIIBattk:. is>XT>^<DMHF 
406^tf-^W lOlED^OBi^l R 
&ai,ififtt>ti&. 5 s — #<DR*ffll/flk H*©J:^«: 
^^«ffi*«W8tt«R:R-e« % t^7>7'404 

[0143] «»»«<D«J«rtt, -fe>*7 >^4 0 

4 ©*av -^MFf-4 o 5 ccEnunr *R*m i^*^© 

^ > ttSS^tti U^t^-^ «HKDStt«ESKr * S o 
c©«B»©»ff*3KS<bS**^«)K: % (l) Hz>*y> 
^ROWEJfWSK. (2) V D . V,' (Dtf*>o#£ 
ttfltTSBB. **RWT*J:C». 

[o i 4 4] 03 itt v 44Gtt^lloafl(y j e i ;^T 

^^y-fejuccS&Kb^-dfUW. 9-FJKSf, 
*yH2Ji/itt^t?^"rss*^»ffiP^6*s. 2* 

aw>6>or Fi/XA^^stitbfcaiR^a** 5 "!** 

[01451-5, f^-^^DL. /DL^rlgltt)TS 
7-F«DWLi, CtiecitSlyte^aiRfllF^^^^ 
^^IgSbTS^- FJSWL^n-etiJrtJ^ri-^itf^ 
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[0 1 46 ] C©J:5{C*3l86Jgffir«, 2o<DTMR 
^ 1. 2 1 ) iPh (092. 

«2 0 1 ) £«tl£U WEBSftfc«*i&#«5 1 
a. 5 1biCh«:ifcfc-r*»*ii*IR5 2t<D«aW 

5 1a. 5 1 b4»*ii*»5 2CC«as«r86TCitCct 10 

[0 147]f^M85 la, 5 1 b*8fc*iS«8fc# 

^*U*;U2 0 14»«"r4 2-30TMR*^l 1. 2 
1 ©IS«» 1 0 1 <mXCtift B»6CJS¥fT tKZCtfr 
EtBWttORAULKiBSbTTMR** 1 1.2 1 

an»«E*»*ci^rars. tmr^i i 

iTMR*^2 1 <b ttR|--©-te Jl/jKRfl! F ^ * 3 20 
[0 150] 

[01 ] »i<osai»j«K»to-5««^*';'fe^ru-f 40 

[H2] »l©«Be«»WtSfc»©t©t, D 
L. /DL«:»h*«8Mil» . I, QXftfeiMHtfk 

[03] »l©j0ll»»*«98-r4fc«>O«>©-C % tttt 

[^4] ajR-b^a^ox^tffliwitSiiSffibr^r 
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[06] »i©nifejB««:«*>*Ba»^*yH2^Tu^ 



[0 5] H4©flHB@IB*fflt>^:^* 5 ls — *sa><Dt£ 50 



[07] »l<OWIl»»{C«ffiUAi^*y-biU©¥B« 
Btoft-B. 

[08] 07CD^^y*feJHtSCC*3^S^mA-A , Br 
[09] «*ia^tf s -*«t^b^*l^o^ j ey 

[010] m2ommjmtcmt>2>m&j**)*)\'Ti> 

^««W»TMR**t»#iWMiOW*j*aW«: 

[0 l l ] *2©WS»»«:te»-5^ j ey -fe^OTffl* 
jt£^-f0o 

[0 l 2 ] BS^^yiz^^te&w&^taA-A* 
[013] *3©3l*®»«:«to&»«^*y-fe^TU 

[014] wacc^JBBftkKlto&affll^^y-b^TU 
[015] ^4CO^»5S§^^>^»^y- : €:y-fe;l/TU 
[B16]»5 ©HJ6»»CC«fe ^rV-feJVTU 

[017] *ea«jfc»»K«to*a^y*y-feji/ri/ 

[018] S7 ^MI^SIS^ * V t ;l/7 1/ 
-/©«RWa«liHB**Tia. 

[019] ^Boiift^iB^ftto-saa^^y-fe^Tu 

[02 0] $9^ffi«§b^I^*';*k^I/ 

-y (DmsmftZfwmKiTxTB. 
[02 i ] mi o©*JBB««c«*>a«»y*yi2ji/r 

[022] ^1 loS5«*««:«*>*SBa^*y-b^r 

u -y cmsmfxmmK^irs. 

[02 3 ] mi zomwsBmcm^m^^fj^Jir 

u -Y OKAB9tt«ff BB^nVrH. 

[02 4] mi 3<DSlWB»«:«*>*SB«^*y'bJbr 
U -Y ©*»Wfc*ffl0B*7iVr H. 

[02 5] mi 4©»Be»«:i**>*SB«^*y , b^7 
U >f <DKfttt&«fEBB£in'r B. 

[026] mi 4©*i^»c«*>*ia«^ j ey-b^T 

U^CDp n^-Ytf- F*MOS F ^>^* *"Cg£&;i 

[027] mi 5©*JWHKci»*>*«t«y*y-biur 

U -Y <D«aWtt«HBBB*»"r 0c 

[028] mi 5©*JBB«tittw , r*^«>©t©'c, 
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hmic%Ltizmifcz*y't v MiEv off cornet 

[02 9] JfH 6(DWBB»«C*j»S««^*U-b^r 
[03 0] mi 6©*»BBtt«C*jW4SBt»^*y*^r 
EL 

[03 1 ] gf i eojawMccfettssBffli^'ty-fe^T 

10. 14. 2 0. ~. 2 4-TMR3R* 
3 1.-. 3 4 • 

2 o i •••^jey-feii' 

30 1. 304. 4 0 ' 



( 16) WI2 0 0 1 -2 36 78 

30 

* 4 1 , 4 2 -f*-*^ 

4 4—feJb-/- F 
45-3»* h 

5 1.5 2-«*ii*« 

6 0 HMMIUI 
1 0 1 -E«H 
10 2-lfilM 
1 0 3-H4M 
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